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35 FOUR-CAR TRAINS 


FOR 25 Kv 50 CYCLE A.C. ELECTRIFICATION 


being built by British Railways at Wolverton Works for the MANCHES- 
TER-CREWE AND LIVERPOOL-CREWE SERVICES are being fitted with 


WESTINGHOUSE 
ELECTRO-PNEUMATIC BRAKES 


the modern brakes that provide 
the powerful rapid-acting control 
required to operate fast passenger 
services on a close schedule. 


OVER 10,000 SETS SUPPLIED AT HOME AND OVERSEAS 


Brakes designed and made in England by 
WESTINGHOUSE BRAKE AND SIGNAL CO. LIMITED 
82, YORK WAY, LONDON N.!I., ENGLAND 
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Specialities : 


Traction problems. 

Electric locomotives. 
Car-sleeper-express. 
Automatic time-tables. 
Diesel-hydraulic locomotives. 
Steam and Diesel locomotives. 
Butt welding of rails. 

Railway electrification. 
Railway signalling. 

Railway rolling stock. 


Speed indicators and recorders. 


Air brakes. 


Permanent way equipment. 


Lightweight railway coaches. 
Wagons. 
Axleboxes. 


Automatic slack adjusters. 


Axleboxes. 

Steam heating systems. 
Locomotives. 

Railway signalling. Brakes. 
Rails, fish plates, sole plates. 


Diesel locomotives. 


HYMEK DIESEL-HYDRAULIC 


LOCOMOTIVES 


95 British Railway type 3 HYMEK diesel-hydraulic locomotives, 
for mainline use, are being constructed for British Railways. 
These locomotives will be fitted with Bristol Siddeley Maybach 

engines and Stone-Maybach transmission, units of well known 
and widely used designs, successfully proved in many millions 

of miles of arduous service. 

The many advantages of HYMEK locomotives, backed by over 

a century of Beyer Peacock experience and craftsmanship, 


are attracting the attention of railways all over the world. 


TECHNICAL DATA 
Wheel arrangement B-B Engine Bristol Siddeley Maybach MD 870 


Wheel diameter 114 cm. Transmission box Stone-Maybach « Meky- 
dro» K184U 
Horsepower 1700 Axledrive gearboxes Stone-Maybach C 33V 
and 33 


Max. axle load 18,5 tons Starting T.E. (30% adh.) 22590 kg. 
Total weight 74 tons Continuous T.E. 15450 kg. 
Fuel capacity 3637 litres Max. service speed 145 km/h. 


Train Heating Stone-Vapor boiler 


BEYER PEACOCK (HYMEK) LIMITED 


Uniting the railway traction resources of : 
BEYER PEACOCK - BRISTOL SIDDELEY ENGINES - STONE PLATT INDUSTRIES 


LOCOMOTIVE HOUSE, BUCKINGHAM GATE, LONDON, S.W.1 
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COCKERILL- OUGREE = contrisutes 


TO THE MODERNIZATION 
OF RAILWAYS 


With its complete line of diesel-electric 
locomotives ranging from 600 to 2000 HP, 
built under licence from Baldwin-Lima 
Hamilton Corporation, specially engineered 
for passenger and freight service, COCKE- 
RILL-OUGREE has within its wide programme 
the precise unit which will perform econo- 
mically and reliably any specific job under 


any conditions of climate and terrain. 


Cockerill-Ougree has also specialized in the 
production of diesel-hydraulic locomotives 


ranging from 200 to 800 HP 
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AE! CAMSHAFT 
CONTROL 


Since 1938 AEI has supplied the bulk of the Control 


Equipment on London Transport Trains and over 2400 
camshaft equipments have been supplied or are on order. 


Please send enquiries to AEI Traction Division, 
Trafford Park, Manchester 17, or to your local AEI Office. 


Associated Electrical Industries Export Ltd. 
33, GROSVENOR PLACE, LONDON S.W.I., ENGLAND 
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WE ARE SHIPPING THEM 
ALL OVER THE WORLD ! 
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* Railcar trains 


Spanz GANZ-MAVAG LOCOMOTIVE AND RAILWAY CARRIAGE 
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’MULTICATOR’’ AUTOMATIC TIME-TABLES 


The new centrally-controlled Multicator an- 


nouncement system is based on a rationally 


ly 
y im designed series of mobile panel indicators se- 
. curing utmost flexibility in planning, installa- 
LO 
Me tion and operation. 
Fi 
j 
Of standardized size and appearance, all exis- 
{ JS ting types permit a harmonious and low-cost 
ie B Lf integration either into composite time-tables 


AL hit for main halls or into individual indicator- 
4 J i“ on boards on the different platforms. 

| La At the control desk, provision is made for the 

operator to continuously check the informa- 

tion shown on each individual Multicator unit. 

For full information on this matter kindly 


consult : 


Baa Bell Telephone Mfg Co 


INSTRUMENTATION AND CONTROL DIVISION 


“FRANCIS WELLESPLEIN -ANTWERP-BELGIUM TEL. 37.78.00 TELEX. : 3-226 CABLE : MICROPHONE-ANTWERP 


VAPOR PRODUCTS 


sewing railioads 


aver hundreds of 


millions af mites 


Your attention is directed to the record of 
VAPOR products — in railroad service for 
over fifty years. Now used in 25 countries in 
Europe and over the world, VAPOR equip- 
ment includes all components of the steam 
or hot water heating system — from heat 
source, through regulators, radiation, valves, 
and thermostatic controls. Also, where elec- 
tric heat is necessary, VAPOR Control Sys- 
tems have found wide use with most satis- 
factory results. 


The VAPOR model OK steam generator is sectionally illustrated here to show you 
its sturdy construction. The unit is robust, reliable, and compact — with exception- 
ally high output per unit of weight, on axles. Vital statistics of OK-4616 : sustained 
output — 750 kg/h; operating weight— 1,350 kg; overall dimensions — 165 x 110 
x 160 cm. Similar models available with outputs ranging from 225 to 2,000 kg/h. 


The VAPOR Thermostat shown here is iust one in the hundreds of model and 
voltage designations now controlling railroad heating systems and air conditioning. 
VAPOR temperature controls are characterized by accurate performance and 
simple maintenance. They flatten the curve of temperature variation to within one 
degree centigrade, and all are manufactured to rigorous standards on exclusively 
patented production equipment. 


EQUIPMENT MADE IN HOLLAND 


Also illustrated in section — the compact VAPOR 4915-6 Circulating Water Heater 
(approx. 115kg and 70 x 40 x 48 cm, with 32,000 kg Cal/h output). Widely utilized 
in heating systems on diesel railcars, and on diesel locomotives to automatically 
maintain full operating temperature of the engine coolant liquid. This of course 
assures full operating efficiency of the diesel, and eliminates the need for wasteful 
idling while on siding waiting for load. 


Also available for lower heat output requirement the highly efficient B.70 heater 
with a capacity of 16,000 kg Cal. 


You are cordially invited to send for complete information. Please write to 


VAPOR INTERNATIONAL CORPORATION, LTD. 


224, SOUTH MICHIGAN AVENUE CHICAGO 4, ILLINOIS, U.S.A. 


or for the equipment made in Holland to 


VAPOR INTERNATIONAL CORPORATION, HOLLAND N.V. 


BREUKELEN — HOLLAND 


THE HEY-BACK 
RAIL FASTENING 


The POSITIVE elastic 
fastening 


The Hey-back Rail Fastening with its specially 
designed baseplate and spring clip provides an 
effective elastic fastening of the rail independent 
of the fixing of the baseplate to the sleeper. The 
fastening allows rails to be removed and replaced 
with speed and economy of labour. The fasten- 
ing is adaptable to both wood and concrete 
sleepers, is simple and requires neither special 
tools nor skilled labour for fitting and main- 


tenance. 


The photograph on the left shows the Hey-back 
System in use near Neasden on an electric track 
of the London Transport Executive, whose per- 
mission to reproduce this photograph is grate- 


fully acknowledged. 


Further technical data gladly supplied on request. 


NORKINGTON IRON & STEEL COMPANY  tHeuniteo 


MAKERS OF RAILS, FISHPLATES, BASEPLATES AND STEEL SLEEPERS 
A branch of The United Stee! Companies Limited 
WORKINGTON Phone: Workington 206 Grams: ‘Mosbay”, Workington, Cumberland COMPANIES LT? 


ilway Department: 8/10 Grosvenor Gardens, Victoria, London, S.W.1 - Phone: Sloane 4533 - Grams: Unisteels, Sowest, London 


welding capacity 
max. massive section 
min. massive section 
nominal power : 

on 50% duty cycle 


less joints = more comfort 


10.000 sq. mm. 
1.500 sq. mm, 


350 kVA 


For complementary information, please contact 


ELECTROMECANIQUE | 


Société Anonyme 19, rue Lambert Crickx - Bruxelles 7 - phone: 21.00.68 


Butt welding of rails in lengths of 30 to 500 meters 
means larger spacing of rail joints, 

lessening of wheel battering on the joints and 

reduction of operation costs. SEBAR 451 flash butt welder 
also allows recuperation of old rails. 
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... speed and economy on trunk hauls 
and door-to-door service too! 
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Gee Roadrailer, loaded at the factory 
as an ordinary articulated lorry. 


ow it’s an 11-ton lorry, loaded in the 
ual way and driven by road to the 
ilhead. Only 150 seconds to retract 
e road wheels and lower the rail 
1eels and hey presto—now it’s part 
a fast freight train designed for 
rough travel at an average speed of 
-65 m.p.h. 
The Roadrailer brings your railhead 
your customer’s factory. It brings 
> best of both worlds, giving traders 


0 SECONDS— YOU CAN HAVE THE BEST OF BOTH WORLDS 


The Roadrailer as part of a fast 
freight train. 


the economy and uncluttered speed of 
long-distance rail haulage p/us the con- 
venience of door-to-door collection and 
delivery. It can be adapted for liquids, 
timber, cement—all kinds of traffic. 

The introduction of the Roadrailer 
is in any country’s interest: it frees the 
roads, puts trunk haulage on the rail- 
way where it sensibly and economically 
belongs, and helps industry by making 
transport cheaper and faster. 


The Roadrailer converted backto a 
lorry completes delivery by road. 


PRESSEDIS TEBL.CO,LID 


Railway Division, 
Linwood Factory, Paisley, Scotland 


LONDON OFFICE: Railway Division, 47 
Victoria Street, London SW1.HEADOFFICE: 
Cowley, Oxford. BRUSSELS OFFICE: Canter- 
steen 7, Galerie Ravenstein 30, Brussels 1, 
Belgium. Manufacturers of motor car 
bodies, Prestcold refrigeration equipment 


and pressings of all kinds. 
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A bed for YOU and your CAR 


Amsterdam 
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et “save CAR SLEEPER EXPRESS 


XN 
Information at the stations Jgoumcnitza? 
/ 


and the travel agencies I 
I 


/ 
BELGIAN RAILWAYS Patras 


TELOC Speed Indicators and Recorders are known 
and appreciated throughout the World, as they permit 
exact observing of speed regulations and therefore con- 
tribute to the safety of passengers. Further, valuable 
information is provided to the Railway Traffic Manager 
for the re-organisation and speeding up of services. 
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on Railways all over the world 


SAB BRAKE REGULATORS © 
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MALMO e SWEDEN 
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pare 
£8 _ Knorr KE Type Air-Brakes 
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| Diesel pcomotive of rae State he for all Rail Vehicles 
built by A/S Frichs, Aarhus 
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Tank wagon of the Iranian State Railways, 
built by Linke-Hofmann-Busch, Saizgitter Watenstedt 
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Passenger coach of the Swedish company TGOJ, 
built by Kockums, Malmo 
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Express train coach of the German Federal Railways, 
built by Rathgeber, Munich 


This K fe universal triple valve 


forms the basis of the brake equipment for all 


types of rolling stock: locomotives, passenger 


. 
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coaches and goods wagons as well as railcars 


and railbuses. By the attachment of accessory 


components the action of the valve can be exten- 


KE air-brake offers the maximum degree of secu- 
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ua 

rt wy rity and economy. Up to now KE brakes have 
Single-engined railbus of the British Railways, 

built by Waggon- und Maschinenbau GmbH, Donauwérth been supplied to 28 countries in the world. 
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Derivation of initial speeds and stopping 
distances from deceleration/time curves, 


by 43 (LAw, B.Se:, A: 


TiStw ee see ASSOC..lk 


Loco, E: 


Railway Research Department, Ferodo Ltd. 


Essentially brake testing involves the 
measurement of deceleration. This can be 
obtained by direct means or by calculation 
knowing the initial speed, stopping dis- 
tance, and stopping time. For road 
vehicles tests can be designed to suit 
particular features under investigation and 
any distance measurements can be taken 
with the minimum of interference to other 
traffic. 

The situation on the railways is very 
different : tracks maintained solely for 
test purposes are few and far between, 
whilst traffic densities militate against the 
use of main line stretches for anything 
more than the briefest periods. Test 
trains must be integrated with normal 
schedules, often allowing insufficient time 
for all the relevant data to be collected 
during actual test runs. There is therefore 
a strong case for using instrumentation 
which records all essential information. 

To the traffic manager stopping time is 
of prime importance as seconds lost in 
braking could seriously affect track utilis- 
ation in dense suburban areas. The signal 


engineer, the brake engineer, and the block 
manufacturer on the other hand are all 
concerned with stopping distance, although 
each for a slightly different reason. The 
siting of signals has to be such that trains 
travelling at the maximum permitted speed 
for a section can stop in the prescribed 
distance. A brake engineer calculates the 
braking efficiency of a train from the point 
where the driver moves his brake handle, 
whilst a block manufacturer is interested 
mainly in braking efficiency based on the 
distance travelled from the moment the 
blocks come into contact with the wheels. 

Methods currently employed for ob- 
taining stopping distances rely either on 
physical measurement between start and 
finish markers, the use of a premeasured 
track, or calculation from the counted 
revolutions of a freely running wheel of 
known diameter. Stopping times are 
measured with a stop watch and initial 
speeds either from a cab speedometer, or 
by timing the passage of the train between 
adjacent quarter-mile posts prior to making 
the brake application. 
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The method to be described involving 
the use of a recording decelerometer and 
stopwatch only gives a full assessment of 
the braking performance, and since no 
electrical or mechanical connection with 
the test vehicle is required has the obvious 
advantage of permitting tests on any rake 
at any time without previous preparation. 

Recording decelerometers consist main- 
ly of an inertia system in which a spring 


$e 


————= 1+ sec. 
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evolved which is put forward in the hope 
that it may be of use to others engaged in 
this type of work. 

Consider the case of a vehicle being 
braked to rest from an initial speed uw, in 
time T, the stopping distance being S. 


At any time ¢ the velocity is v: 


T 
—— | vat. 


Fig. 1. 


supported mass actuates a pen whose 
deflection is proportional to deceleration. 
On the model used this deflection is 
recorded on a motor-driven tape, a time 
base being superimposed by a second pen 
operated by a half second make-and-break 
circuit, and for each stop a deceleration/ 
time curve is obtained similar to that 
shown in figure 1. 


Stopping time and the deceleration at 
any time during the stop can be read 
directly from the trace, and since the area 
under the deceleration/time curve is a 
measure of the initial speed, the average 
deceleration throughout the stop can be 
obtained from the height of the rectangle 


of equal area constructed on the same base 
line. 


The derivation of stopping distance from 
the deceleration/time curve is by no means 
so obvious and a procedure has been 


This may be integrated by parts so 
that : 
ant 


T 
[ »] a= [, tdy. 
0 = 0 


When dof =o and al fi pe Oe 


S [i ( =) It 
= SS ae 
0 dt 
This expression is the first moment of 
area of the deceleration/time curve about 


the ordinate t = o since — dy/dt is the 
value of deceleration at any time f. 


In cases where the deceleration is a 


known function of t the stopping distance 
can be obtained by direct integration, 


Ss = 


e.g. when — Ad 


heaps ay 5/2 
& = at? § = 2/5 aT 


which can easily be verified from first 
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principles by inserting the correct con- 
stants of integration. 

In practice because full brake power is 
not available instantaneously and because 
deceleration may be dependent on velocity, 
the deceleration cannot be expressed as a 
simple function of r, and the first moment 
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The stopping distance in feet is then 
obtained from the first moment of area by 
converting the vertical scale to ft/sec and 
the horizontal scale to seconds. One 
second intervals are found to give reason- 
able accuracy, and considerably ease the 
computation since by making h, the height 


10 
et 5 
es 5 
O 5 10 aS. 20 a5 30 T sec 
2 ——————— = > L cp —— — ——— a 
Fig. 2: 
Eee lo ecm: 
Area under the curve = 22.0 cm2; 
Vertical scale lcm (= 5% g) = 1.1 m.p.h./sec; 
Horizontal scale | cm = L ScCe 
2 Lome, == 101 — mip-h:: 
cm 1 L m.p 


and initial speed 


of area is obtained by summing the pro- 
ducts of the small trapezoidal areas and 
appropriate values of ¢ in the following 
way. 

In figure 1, if the deceleration/time trace 
is divided up into n equal intervals where 
hy is the height at the midpoint of each 
interval, and x; is the distance of this mid- 
point from the point t = 0, then the first 
moment of area about the origin, A, is 
given by: 

n 


Ay = =e Xrhy 


(1) 


a2 
22 eal lex To7 m.p.h; 


61 m.p.h. 


at successive seconds Equation | trans- 


forms to: 
N= T — 1/2 = 
Ty es cae 3 nin + b 
1 == I 
ho.25 , 
where: a= ST. 
T = the total stopping time in 
seconds; 
k =a fraction lying between 
zero and 1/2; 
Aida == 2h, waere Z = 1 tee 
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If stopping times are measured to the 23 9.8 235.4 
nearest half second as in the author’s case 24 10.0 240.0 
then k takes on the value 0 or 1/2 depend- pie, 10.0 250.0 
ing on whether T is an odd or even 26 10.2 265:2 
number of half seconds. 27 10.6 286.2 
A typical example is worked out below. 28 10.7 299.6 
Figure 2 shows a recorded deceleration/ 29 10.9 316.1 
time trace for a 4 car suburban unit. The = ce a 
Sie , as 
initial speed as given by the cab spee tie bene api 


meter was 60 m.p.h. and the stopping 
time measured by a stopwatch from the 
time of operation of the driver’s brake 
valve to coming to rest was 32.5 sec. 


Stopping distance. 


tsec =a See 
(%& X sec?) 
0.25 0.5 0.1 
1 2.0 2.0 
2 4.5 9.0 
3 UD 21.6 
4 8.5 34.0 
5 9.0 45.0 
6 9.0 54.0 
7 9.0 63.0 
8 9.2 TO 
9 9.2 82.8 
10 9.0 90.0 
11 9.2 101.2 
12 9.2 110.4 
13 9.2 119.6 
14 9.2 128.8 
15 9.2 138.0 
16 9.0 144.0 
IL 9.2 156.4 
18 9.3 167.4 
19 9.3 176.7 
20 9.2 184.0 
21 9.3 19525 
22 9.5 209.0 


dy 
ON ae = 50 
1 ( =z) dt =.505 


0.322 it/seoti == 15" s 


'. §& =5050.4 < 06.322 =1648 
The stopping distance measured by a 

60 foot tape between start and finish 

markers for this stop was | 644 ft. 


The difference between the brake applic- 
ation time from the stopwatch and the 
block application time from the deceler- 
ation/time trace was 0.5 sec. Since at 
60 m.p.h. a train travels 44 ft in half a 
second, the calculated stopping distance 
would be | 626 + 44 or 1670 ft. The 
difference of 26 ft between the calculated 
distance and the measured distance is 
approximately half a coach length. 


It is interesting in conclusion to sum- 
marise all the quantities measured during 
a typical braking test and to asterisk those 
which fall within the compass of a record- 
ing decelerometer. 


|. Stopping time. 
(a) From the time the driver’s brake is 


applied to coming to rest. Stop- 
watch. 
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(6) * From the time the deceleration 
commences to coming to rest. 


2. * Initial speed. 


3. Stopping distance. 


(a) (+) From the time the driver applies 
his brake to coming to rest. 


(5) * From the time deceleration com- 
mences to coming to rest. 


(7) Note. — It is possible to obtain 3(a) 
by multiplying the initial speed in ft/sec 
by the time lag in seconds between the 
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brake handle being moved and the brakes 
actually contacting the wheels, and adding 
this quantity to 3(). 


The success of the method has been 
proved over a number of train tests where 
independent measurements of speed and 
distance have been available. 
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Operational research applied to centres where 
goods trains are divided up and made up. 


Statistical-mathematical spacing of train departures from a 
marshalling yard, 


by Dr.-Eng. Filippo Borpont, 
in collaboration with Dr.-Eng. Carlo p’Acostino and Dr.-Eng. Adelmo Davire. 


(Ingegneria Ferroviaria, May 1960.) 


SUMMARY. — The spacing of train departures from a marshalling yard must as Sar as possible 
meet the condition of minimum average stabling time for the wagons on the marshalling sidings. 


To solve this problem, a statistical-mathematical method has been devised which might replace, or at 
least contain the empirical method now used. 


The theory developed makes it possible, amongst other things, to appreciate that equal intervals between 
train departures are only necessary when there is a more or less constant division of the traffic on arrival, 
which is hardly ever found in practice. 


It is obvious that the making up of the trains on departure should be studied as a function of the traffic 
requirements, as well as of the loading and unloading of the wagons, but even in this case the statistical- 
mathematical process in question lends itself to supplying useful information for improving the average 
time the wagons remain in the yard, and finally the turn round of the wagon and the delivery of the goods. 


1. — Railway operating experts know that 
marshalling yards can all be represented by 
one diagram, showing essentially : 


— sidings for incoming trains, arranged in 
one or more sets (reception sidings : FA); 

— sorting sidings, also grouped into one or 
more sets (sorting sidings : FD); 

— train formation sidings, which might be 
part of the sorting sidings or be inde- 
pendent (train formation sidings : FB); 

— train departure sidings, grouped in one 
or more sets, and in the simpler instal- 
lations, also connected to the sorting set 
(departure set : FP). 

‘The operating of a marshalling yard can be 
considered as an organisation problem, re- 
presented by the realisation of a given daily 
programme which, apart from special sup- 
plementary operations, which we shall not 
take into account, consists essentially in 
assuring the arrival and sorting of a certain 


number of trains in order to assure given 
services by making up a certain number of 
trains from the centre. 

The wagons (loaded or empty), the com- 
ponent elements of the services provided for 
in the operating programme of a marshalling 
yard, undergo between arrival and departure 
a given succession of operations, possibly 
preceded by waiting times. For all these, 
there is a corresponding time for carrying 
out the operation and for waiting, which 
together account for the time spent by the 
wagon in the marshalling yard. 

The operations and waiting periods can be 
classified chronologically as follows : 

— waiting time, in FA, before the operation 
of preparation for sorting; 

— operation of preparing for sorting; 

— waiting time in FA for the operation of 
sorting ; 


— operation of sorting and putting into 
position ; 
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— waiting time, in FD, to prepare the 
operation of collecting; 

— operation to prepare collecting; waiting 
time, in FD, for the operation of collect- 
ing; 

— operation of collecting, reclassification 
(if necessary) and making up; 

—— waiting time, in FP, for the operation of 
preparing for departure; 


— operation of preparing for departur: ; 
— waiting time in FP before departure. 
We will designate by : 


— Tp; the time taken for the operation of 
preparing for sorting; 


— T; the time taken for the operation of 
sorting ; 
— T, the time for collecting, reclassifica- 


tion and making up (including also 
the time taken for the operation of 
preparing for collecting) ; 


— Typthe time taken for the operation of 
preparing for departure; 


and by : 


— T,FA’ the average waiting time before 
the operation of preparing for 
sorting; 

— T,FA” the average waiting time before 
the operation of sorting; 


— T,FD the average time of waiting for the 


operation of collecting; 


— T,FP the average waiting time before 
the operation of preparing for 


departure. 


Whereas for the determination of the 
times of operation Tp, T;, T. and Tpp, use 
is generally made of the results of statistical 
enquiries, by timing on several occasions 
the different operations carried out, the 
average waiting times TgFA’, TaFA”, TaFP 
and T,F? are calculated from theoretical 
considerations, using mathematical theories 
integrated with statistical methods. 


The average waiting times and the opera- 
tion times defined above form the character- 
istic parameters of a marshalling yard. 


Z 
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For reasons of convenience, the cycle of 
operations carried out in a marshalling yard 
is divided up into two distinct phases, group- 
ing in one of these all the operations (and 
corresponding waiting times) from arrival 
until knocking off (including bringing up) 
and in the second phase all the operations 
(and corresponding waiting periods) be- 
tween collection and departure. The first 
phase, therefore, covers the operations of 
preparation before sorting, the operation of 
sorting, waiting time before this preparation, 
and waiting time before sorting, whilst the 
second phase includes the operation of 
making up (including, as has already been 
stated, preparation before being made up, 
regrouping and collection), the operation of 
preparation for departure, waiting to be 
collected and waiting to depart. 


The total operation time : 
a = Tpit Ti+ Te+ Topp 


(interval of time below which the handling of 
any wagon dealt with in the yard cannot fall) 
can thus be subdivided into two parts : 


— the operation time Sy* = Ty; + Ti, 
relating to the first phase; 
— the operation time S2* = T, + Typ 


relating to the second phase. 


In the present study, which relates in 
practice to the whole cycle of operations car- 
ried out in a marshalling yard, it is necessary 
to suppose that the phenomena concerning 
the marshalled wagon (wagon leaving the 
marshalling yard which has undergone be- 
tween arrival and departure the stipulated 
succession of operations) have a_ periodic 
character and respect the principle of 
continuity. 
Consequently, we have to admit the 
validity of the two fundamental principles : 
— the phenomena are repeated in a 24 hour 
cycle #* (principle of periodicity) ; 

— in each period 9* the number of wagons 
leaving is equal to the number of wagons 
arriving (principle of continuity). 


2, — As we have already indicated, the 
wagons (loaded or empty) which arrive at a 
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marshalling yard have to be classified accord- 
ing to the services they will form part of on 
departure, meaning by service the destina- 
tion of the wagons, which are grouped ac- 
cording to a predetermined routing pro- 
gramme. Destination is to be understood in 
a wide sense : it may represent a single 
centre (loading, unloading or marshalling 
point), or a group of centres in the same 
main direction. 


To get out the services programme of a 
marshalling yard, certain given logical 
criteria are used, based on experience, 
naturally taking into account the destination 
and the number of wagons on arrival. Each 
direction radiating from the marshalling 
yard forms an individual field of research 
and can be dealt with separately. When 
examining a certain direction, the sucession 
of centres absorbing or forwarding wagons 
in the direction in question which are to be 
considered as important centres is fixed, 
understanding by absorbing not only local 
units but also wagons in transit which are 
not going on as far as the next centre. Mak- 
ing use of the results of accurate statistical 
enquiries on the arrival trains, it is possible 
to group the data in graphs or direction 
tables which bring out the elements needed 
for studying the services. 


The services programme must be got out 
in principle in such a way as to obtain with 
a sufficient volume of traffic the greatest 
possible number of long runs. Therefore, 
first of all, the fast runs must be determined 
(long runs), then the through services 
(average runs) and finally the stopping 
services used for delivering consignments 
all along the line. 

The whole series of wagons for a service, 
when making up a train, are called the 
«lot ». ‘Trains may consist of one or more 
lots. As far as possible, the largest possible 


number of trains must be made up of single 


lots (single service) for long runs. 


The number of trains made up in a 
marshalling yard is obviously limited by the 
number of sidings available in the sorting 
sets (FD), which are known as the direction 
fan in the yard. 


The most suitable programme is obviously 
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that allowing of a single FD siding for each 
individual train, because grouping several 
trains on the same siding involves a further 
regrouping of the wagons and subsequently 
sorting them according to the train to which 
they belong. 


The actual distribution of the arriving 
trains in a yard depends on a whole series of 
reasons which it is practically impossible 
to take into account individually. 


The main motives which affect the dis- 
tribution of arriving trains are : 


— conditions laid down on departure from 
the starting station, such as load to be 
completed and to await the arrival of a 
sufficient number of wagons to make a 
complete train load; 


— traffic conditions on the line the train is 
going to use, which depend above all 
on the passenger train requirements, 
and possible interruptions due to inspec- 
tion and maintenance work on the lines; 


— working in with connections at the 
junction stations to take off lots of wa- 
gons belonging to the services worked by 
the train in question; 


— delays, sometimes appreciable, to which 
goods trains are often subjected. 


To study the spacing of trains leaving, it is 
necessary to consider the most likely distribu- 
tion of trains arriving, taking into account 
the actual time of arrival of those trains 
which run most frequently, and determining 
the existing services covered by each train by 
means of statistical studies. In this way, it is 
possible to prepare a diagram which clearly 
shows for each train the composition (exist- 
ing services and their extent) and the most 
probable time of arrival. 


The waiting time at FD for the collecting 
operations (including the operation of 
preparing for collecting) varies from one lot 
of wagons to another, because though 
knocking off takes place successively, col- 
lecting only takes place when the train is 
complete, once or several times a day, ac- 
cording to the number of trains leaving for 
each service. We have to take the average 
times, because, whereas the average waiting 
time in FA and FP as a general rule applies 
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to the whole set of sidings, in the case of FD 
it is necessary to take into account the aver- 
age waiting time per train service, and 
consequently for each individual FD siding. 
This average time depends not only on the 
distribution and average statistical compo- 
sition of the trains on arrival, but also on the 
spacing of the trains leaving. 


For greater simplicity, we will take it that 
the operation of collecting begins when the 
last wagon completing the service to be got 
ready for departure comes onto each of the 
FD sidings. 

The time awaiting making up on FD after 
collecting the final lot of wagons must be 
considered as lost time which in principle 
should be avoided. Likewise, the time 
awaiting departure can also be considered 
as lost time (once the operation of prepara- 
tion for departure has been completed). In 
the mathematical development we are going 
to set out, we can therefore consider these 
times as being zero or at any rate negligible. 
This hypothesis is always acceptable in a 
type study, amongst other reasons because 
the rational organisation of a marshalling 
yard should always take care to avoid such 
lost time. In any case, there is nothing to 
prevent it being included in the final formula 
by adopting a suitable coefficient of cor- 
rection. 


3. — We have stated that the average 
waiting time on FD should be based on each 
service made up on each individual siding, 
and as it is easy to see, this average time 
depends : 

— on the distribution of trains arriving 
which include wagons for the service in 
question ; 

— on the number of wagons for the service 
on each arriving train; 

— on the spacing of the trains leaving which 
can include wagons for the run in 
question, seeing that this spacing de- 
termines the distribution of the made up 
lots on FD. 

Let us take a given service I, on a given 
siding of FD; we wish to determine the 
average waiting time Tq? starting with 
the following simplified hypothesis : 
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— the waiting time before the operation of 
collecting the last wagon coming onto the 
FD siding to make up the train I is zero; 


— we are to take as valid the principles of 
periodicity (period 9* = 24 hours) and 
continuity (the number Q ; of wagons for 
the service in question coming in during 
the period $* is equal to the number of 
wagons leaving in the same period) ; 


— that the trains leaving which will take 
wagons for service I are all made up of an 
equal number q of wagons. 


Let us designate by : 


— 1, 2, ... n the chronological succession of 
all the n trains arriving which include 
one or more wagons for service I; 


— , 92 ... d», the average statistical value 
of the real times of arrival of each train 1, 


U3 bored ie 


— Aj, Ao, ... Ay the average statistical value 
of the number of wagons for service I on 
the trains Il, 2, ....n. 


First case: 


> 
I Mit 
3 


Qi= ,u Ania, 


1 


in other words the number of wagons for 
service I coming in during a period 9$* is 
more or less equal to the composition of a 
train. 


In this case, it is sufficient, for the service 
in question, to provide a single train leaving 
the marshalling yard for each period 9* and 
consequently only one collection on FD is 
needed. 


Taking it that this period starts at 0 hours 
(see fig. 1) of a given day and that the single 
train leaving has to pick up as its last lot 
that of train r arriving at 9, o’clock, with A 
wagons for service I, and if we allow the 
hypothesis already stated that the time of 
waiting for this making up operation is zero, 
the time the stock is assembled can be 
expressed by the formula : 


G == Oy + Lath Tt ho Lo Ty 
= Dy =" Ta == hae 
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Fig. 1. 
N. B. — Periodo precedente a quello considerato = period prior to that under 
consideration. — Periodo considerato = period under consideration. 
in which we have put : on FA and the time taken for the operation 


of arriving at the sorting point (including 
ees TBAT cl BAP Cr ee! Pn jealncugs. : 

Tg TghA! deTaF A" Suk eal pe te ie bringing up) belonging to the first phase of 
In other words, the time of collection on the cycle of operations carried out in the 

FD is delayed compared with the arrival S°rtng sidings. 

time %, of the last lot A, by an amount Consequently the average time of waiting 

equal to the sum of the average waiting time on FD amounts to : 


~~ 


n 


2 (r+ TatSi%) — OntTat+S1*) Ant 4b, UOrtTa+Si*) — (8a-+Ta+Si#—9*)]A 
Qi 


APR 


Jury 1961 


a formula which represents the average 
increased by the waiting time on FD of n lots 
Ay of the service I; the first index figure of 
the sum of the numerator relates to r lots 
which have come in on the day in question, 
the second sum on the contrary to n - r lots 
which came in the previous day. 


Simplifying, we get : 


o* h=r 
Tg = yy os A, + 3* — 9,* (1) 
q = 


in which %* can be defined as the bary- 
centrical time of arrival of service I, which 
is equal to the expression : 


%o 


ao 


If we make abstraction of all other con- 
siderations, the most suitable time at which 
to assemble the wagons is that which reduces 
the average waiting time on FD to the mini- 
mum. It is therefore necessary to determine 
the value $, of $- which will make the value 
of the function (1) minimum. 


As $* and $,* are independent of 4,, it is 
necessary to reduce to the minimum : 


9* hor 
St (Br) = 9 —— ~ An (2) 
q =I 


in which 4, is the independent variable, 
which can take the n values : 31, 92, ... On. 


This problem of the minimum can be 
solved by a graphical method. 


For greater convenience, it is advisable to 
multiply the second member of (2) by the 
constant g/9*. The function to be reduced 
to the minimum thus becomes : 


q har ict 
fi (1) = 9, A. 2" 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


459 


The relation (2’) can be considered as the 
difference of two functions : 


eet 2= An. 


ay 


Function y2 is represented by a stepped 
diagram and »;, by a short straight line 
passing through the origin of the coordinates 
and forming with the axis of the abscissae an 
angle the trigonometrical tangent of which 
is q/9*. As after a period $*, the total 
number of wagons for service I which have 
come into the yard is equal to gq, the straight 
line must join up with the stepped diagram 
of yz at the point of the coordinates (9*, q). 


BPigw2. 


In figure 2 the two functions »; and y2 
have been represented under the hypothesis: 


n= 5s OH = "24; 9 == 46; Ay = 6; Ap = 24; 
Aa = 6; Aqgi= 6; Ay = 65:9; =O oR tO 
9, = 14; $4 = 17; 5 = 20. 

If we examine the live divergencies : 


Ar = eek pero Oe 

the value of %, corresponding to the mini- 
mum divergence (maximum absolute value 
of the negative divergencies, or, if this be not 
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so, minimum value of the positive divergen- 
cies) represents the time 9, of arrival of the 
train which brings in the last wagon for the 
single train leaving in order to make the 
average waiting time TyFP : 


— * h=f 
Ta? min= 9 — —_ 2 Ant o— ¥o*. 
q = 
Consequently : 
Se = 9 + Ta + Si”. 


Figure 2 shows that BC is the maximum 
absolute value of the negative divergencies; 
it follows that 9, = 9%. From this, it can be 
deduced that lots A3, Ay, and As came in on 
the previous day. 


Observation. 
If we have : 
eg aay tie ae 


we can proceed in an absolutely analogous 
manner to determine %,, on condition that 
we make 3* — 48, 3* = 72, etc. 


From this we can calculate the values of 
Ta!P min and % which apply to the periodic 
trains. 


Second case : 


=n 


OQ); — "S Ap = 2q, 
h=1 j 


in other words, the number of wagons for 
service I arriving in a period }* is more or 
less equal to the composition of two trains. 
In this case, it is sufficient for this service to 
provide two trains leaving the marshalling 
yard for each period 9*, carrying out two 
collections on FD. 


If we designate by , and 9s the times of 
arrival of the last lots A; and Ag, intended 
respectively for the formation of the first 
and second trains, we should have : 


=e Af ; ast y h=n 
=" wWienGe aime Speen, = 
h=rty 4 h=1 Ne wee An = 4. 
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The hour for assembling the rolling stock 
will be : 


— for the first train : 
$e = 9 + Ta + a 5 
— for the second train : 


%e2 = 9s + Da +31" 


The average waiting time is consequently: 


— for the first train : 


"S" (9,—9n)Ant. S (—9n+9*) A 
nz, (or Aw Ant, 2 Or—on h 
Tak? = 
q 
and, simplifying : 
oF han 
Ta? =3;4+— _% Ay—%S_**; 
q h=s+1 


— for the second train : 


(ds — on) An 


— $5— Oot** 
q 


in which 9,** and % )*** are the two bary- 
centric times of arrival of service I when 
considering the respective departures of the 
first and second trains. 


When we remember that the two trains 
both consist on departure of an equal num- 
ber of wagons gq, the total average waiting 
time is : 


Lge tae? 


[grPD = : 
l ] ] 9* 
sie  E pocorn bis 
or again 
pee sate 
2 2 
S* her l 
Oni oe ee 
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We have to determine what values of 9. 
and 45 will make the value of the function (3) 
minimum. 


Seeing that 9* and $,* are independent of 
3, and 9s, we must give minimum values 
Lae 


S(3r ’ 3s) > 


] 
+ 


For greater convenience, the second mem- 
ber of (4) should be multiplied by the 
Qi , 


constant TO The function to be made 


minimum thus becomes : 


q ie 
Si (Sr; ds) ae Sea 2 AG: 


It should be pointed out that if we take 
%, to be an independent variable, 4; becomes 
a function of $,, since it is linked up with 
this latter by the relation : 


which makes it possible to determine, for 
every value of $,, the corresponding value 
of Ss. 

It is therefore advisable to write (4’) in the 
form : 


q q her / 
falr) = = 9 + SF (Or) — 5, An (4") 


in which F (%,) is no other than the definite 
function which gives $s as a function of 9, in 
virtue of the relation given above. 


The problem of the minimum values can 
be solved easily by using a graphical method 
once again. 


Let us put : 
q q hr 
Seas Guild nigh tila J3= An 


in which )j, 92, 3 are functions of 9, which 
can take the n values 91, D2, ... On. 
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Whereas the stepped diagram of 93 (see 
fig. 3) must take the value 2¢ corresponding 
with }*, the short straight line starting from 
the origin of the coordinates which represents 
the function of »; must pass through the 
point of the coordinates (9*, q). 


The diagram of the function y2 is on the 
contrary traced through points. The n values 
which 9, (91, 92, 93, ... Sn), can have are 
considered, the n values of 3 [93 (91); 93 


eC mie 

hall Soa Tl hoaelllaee raleZ ai) 
Szerte Pra aateta 
is ak ais wiles ey de 
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(92), ....93 (9n)], are examined, the constant 
q is added and the n instants for which y has 
these values are determined. These instants 
represent the n %; we want. Multiplying 
each value of 9s by the ratio g/9* we get n 
points on the graph for the function yp. 
Two other points can be determined by 
considering the extremeties 0 and * of the 
interval of variability of 9,. 


The diagram of the function »; + y2 is 
easy to construct. 


The function (4') will be minimum when 
9, has the value corresponding to the mi- 
nimum divergence : 


Ar = (4, +32) —393; r = 1,2,...0. 


Knowing 9;, it is possible to determine the 
corresponding value of 95. 

iS. and Se represent the times of arrival of 
the trains bringing the last lot respectively 
for the first and second trains leaving, so 


that the average waiting time T,FP is a 
minimum : 


The two proper times to make up the two 
trains are : 


de = oe + Ta = Syl 


ten = Os + Ta + Sy*. 


Third case: 


In the most common case, we can have : 
OP= a Agee 
Be ASS Mey. ~ K 
7 het an Ye qs 


in other words, the number of wagons for 
service I arriving during a period 9* is more 
or less equal to the composition of K trains, 
K being any complete number greater 


than 2. 
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By analogy with the previous cases, it can 
be shown that we get the relation : 


] ] ] 
To = — 6. ae er ee ee 
a K ni tige Sein eee 


] 


=r 
x An a a ao*5 


in which 9, %s, 9 ... represent the arrival 
times of the last lots A;, As, Az ... for com- 
pleting the formation of the Ist, 2nd, 3rd ... 
trains leaving, which each have q wagons 
for service I. Taking %, as the independent 
variable $s, 9 ... become a function of 4,, 
since they are liked up with this latter 
respectively through the relations : 


which makes it possible to determine for 
each %, the corresponding values of $5, 9 ... 


d+, Ds, Se ... can be determined by using 
the graphical method already used in the 
case of K = 2. This makes it possible to 
calculate the minimum average time of 
waiting at FD and the proper times at which 
to make up the trains. 


4. — The determination of 9,, 93, 4 ... 
can also take place according to a more 
satisfactory method than that just described, 
if it is possible to establish, by means of 
Statistical enquiries, a function © = 0(9,) 
representing the density or frequency of 
arrival of the wagons (number of wagons 
coming in during a given unit of time) which 
form part of the relation considered in the 
interval 0—9*. This function can also be 
expressed in an analytical form (for example 
by a development in series). If, however, we 
still wish to make use of a graphical calcula- 
tion, it is sufficient to represent it in the 
system of cartesian coordinates. To do this, 
it is sufficient to divide up the period 9* = 
24 hours into a certain number of equal 
periods (one hour for example), using as 
ordinates at the end of each such period the 
number of wagons for the service which 
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have arrived during the period in question 
(frequency of arrivals) and extending the 
enquiry to several successive periods 9* to 
make sure that the results will be as accurate 
as possible. The points thus obtained will 
determine the density diagram which can be 
obtained by a process of adjustment, making 
a continuous curve © = © (9,) as regular 
as possible, pass close to the points. The 
higher the number of wagons for this service, 
the closer the graph representing the density 
will be to actuality. To obtain certain and 
sure results, it is however sufficient to know 
how to determine accurately the zones of 
concentration and their relative values. 


If this function is introduced, the expres- 
sion TgFD in the most usual case will become: 


l thags | . 
= — 9 + 3s + 


oie if 
K K K 


> 
$* ( ] 
—_ i15)45; 1 3* 3,3. 


q q q 
Se( Sr) ~~ 9* Sy + 9* $s + rs Tae 
9, 


— ( © (9;) d9, 
“0 


in which $5, 9; ... are a function of 9,, since 
they are connected thereto respectively by 
the relations : 


Ds Ot 
{ 9(9,)a9, =4; | 0(%)d9,=9.... 
3, 35 


which make it possible to determine, for 


each 9,, the corresponding values of 45, %¢ ... 
Let us apply this for K = In this case 
we have : 


Sr 
F297) = 4 9 + Foe — [0 (oy) amy, 
oO 
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Let us put as usual : 
Or 
(ono eee ree 
©) ee ga T? T= oes jy = | O(9,)d9,. 


0 


In the graph of figure 4, we have shown by 
a curve of periodic character the function 
© = © (9,), which represents the density of 
the incoming wagons, obtained by enquiries 
of a statistical nature. The curve of © (9,) 
indicates a very marked concentration at 
one particular point of the period 9*. In 
each period, the surface of the diagram must 
be equal to 2g. Consequently : 


g* 
i @ (8,) do- = 2¢. 
oO 


The function »; is represented by the short 
straight line 0 I, which starts from the origin 
of the coordinates and has as its ordinate the 
value g corresponding to the abscissa >*. 


The function »3 is determined by inte- 
grating graphically the diagram of the 
function © = © (%,). The curve representing 
3 must start from the origin of the coordin- 
ates and must have for the abscissa $*, an 
ordinate of value 2g. 


The diagram of the function _y2 is traced as 
usual through points. For a given point 9,, 
of the abscissae, the corresponding value of 
9A of the function 3 is determined, the 
constant g is added, and in this way point B 
is obtained. A line is traced through B 
parallel to the axis of 4 up to the point 
where it meets y3 at point C. The abscissa of 
this point represents the looked for value of 
%; satisfying the relation : 


Os 
y3 (94) —33 (7) = © (81) d8e= 4. 


Sy 


In view of the fact that the function 3 
increases with 9%,, to each value of 9 there 
always corresponds a single value of Ds. By 
multiplying the value of 9, obtained in this 
way by the ratio q/9*, the ordinate y2 cor- 
responding to 9; is determined. 


464 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION JuLty 1961 


: 4 oe 
2 
we Amial 
1 ae = 
eal 7 
| +=} es 
f= | ae 
| Lt = =) 
L i an, 
| | | | 1 
| ~ + Bes wale 
= 1 ca im Bi 
Fae iP 
4 t 3 ‘ 
bel orgie ee 
¢ pot ; 
hj | ia boat }- 
1 
= j r t ie 
~ | + —-___-_- ‘a 
+ - eae ] BHF: 
eee = 4 ‘oe ie 
SRARE LI 
I ea 4 | 
' + ee 
ore i ee a 
1 j 
i | | | 
Leieehkaana 
‘ fe ed 
! ae ee ae el oe ++ 
= oe ine 
|| 4l | Pp pee er 
ees Gel ae | ' | | 
=i Sh = t SS 
Le | ia Et TI 
+——+ + $>—+ —— et a 2 
| | | 1 ie | 
Beall heaped i i - 5 aa | sel. ck eal 
(I i ae ahh al | = 
1 {sl 
SS | g_t Ly 1 a aes 
——}—-+—- — : + +—— —— + 
| 
ie 2 aI inl | i= = 19 
5 : = : ie |e om et 
1 | 
* | « 
| |S. | | 2 
: | inl iat, tt aie oe 


Fig. 4. 


The diagram of the function », + y2 is In the graph of figure 4, all the diver- 
then traced, the sum of the two functions Jt  gencies are positive. The minimum diver- 
and y2 and the divergencies considered : gence is given by the segment DE to which 


Ar = (91 + 92) — 93. %y should correspond. The value of 9, cor- 
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responding to %, is found by the same 
method as any other value of 9s. 


Making use of the well known system of 
graphic statistics, it is easy to determine the 
abscissa 9* of the centre of gravity of the 
diagram © and then to calculate the mini- 
mum value of the average waiting time 
TaF and the two moments % and 9,2 most 
suitable for collecting the wagons. 


It is hardly necessary to point out, it 
being self-evident, that the hatched diagram 
of figure 4, read from the scale Q ;/9* 
represents, reduced by the constant 1/2 9* 
— %,*, the variation of the average time of 
waiting T_FP when 4%, varies (hour of arrival 
of the last lot for the service in question 
intended to leave on the first train) from 
0 to 9* or, at any rate when %,; (hour at 
which the wagons intended for the first train 
to leave are collected) varies from 0 to $*. 


5. — Even if the density © can sometimes 
be expressed by a very simple function of 9,, 
possibly by making use of a development in 
series, use should always be made of the 
graphic solution, the determination by 
analysis of 3,, Ss, 34, ..., $9 and consequently 
of Tg? min: 9¢1, Se2, %e3 being in every case 
extremely complicated. 

To support what we have just said, we will 
give a few examples. 


a) Constant allocation with two trains leaving, 
each of composition q (for the graphical 
solution, see fig. 5) : 

© (3,) = C. 


As we must have : 


O* ds 
0 Dr 
we get ° 
po 29 i 
O(%)=C=F %*=_t 
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and consequently : 


q 
JI Ss oa e 
ae a ak 2q 
2 = mabe i Or); 3 = meh 


whence : 


Ar = (92 +92) —33 = 7 


The divergence A; being constant, the 
average waiting time in FD will also be 
constant, whatever the moment at which 
collection takes place for the first train. 


Consequently if we take any value of ~ 
we get : 
1G 


9 = 5 +t tr. 


Consequently, in view of the fact that in 


Ook 
this case 3,* = — : 
2 
ED =5%4+5(5 ae | 
AS) ; 
a* 29 1 
ay Mees _ 9* —_ 9* 
sie. : 
and, simplifying : 
Ta min = i mo a (ito* == 24h); 


Observation. 


In the case of K trains leaving, it is easy 
to show that : 


Pane) 0.38 — rF — 


Rp cet Dy hy ee an ote Be 
§ K rs K 


and that : 
geek 
Tg? = —.. 
i 2K 
In other words, with a constant density of 


wagons arriving during the period ot == 
24 hours, the K trains leaving must be 
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spaced at a constant time interval of As we should have : 
oF 24 : , ; : 
KE-E hours, which will make it possible o* Ds 
to obtain, under these conditions, a waiting { co,d9, = 2q; [ Codd, mess 

9x 0 9, 
time in FD equal to —- =—. 

q aK K 
Weazet: 4 
The need to have equal time intervals 0($,) = Ct, = = ys 
between trains leaving only occurs in the ad 
case where there is a constant allocation of 
the number of wagons arriving, which as is ake 
a3 = a5 ey whl 


known, hardly even occurs in practice. 


rons - 4—— + 7 + + 


ch 


4 - -—t + 


a 


at t 

T ht f > 

1 AE RA oe ell 
‘asi 

im 7 St 
peda a 


7 a 7 aia + = | — +——_+- 
| ] | cae 
AA Ve = ! bs 


Fig. 5. 


b) Triangular allocation, with two trains leaving, and consequently : 


each of composition q (for the graphic solution BT 
see fig. 6) : ele. hide 
end fee 2q 
@(9,) = Co. a= seo + as = puree 
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++ 


whence : 


Bee ak Py aga) 9 


gw? ghee 
= 5e(oF NES + 92— 5,92}; 


Fig. 6. 


in derivation compared with 9, and making 
it equal to zero, we get : 


aby 4 canal a Sar Py =0, 
do, oF comment 
pe 
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whence : Observation : 
ls a anes of =U, In the case of K trains leaving, when 9, 
He has been d ined we have : 
9* as been determined we Nave : 
pe ee oe ea 
= a ee eh 3,2 > 
or else : 
Dr 4 g*2 
= — 3,— 1 Wn ee 
#2 aoe K oe 
Tie costa in other words, with a triangular density, the 


By squaring we get : 


» 16 8 
= aes erga tae le 


*2 S*2 
gen oe 
or 
] 
a ue 9*4 — () 
OZ 


The value of Dr which should lie between 
O and 9* is obtained by solving an algebraic 
equation of the fourth degree. 


But with the graphical solution (fig. 6) it is 
easy to see that : 


o = oF 


and consequently, owing to the periodicity of 
the phenomenon : 


Dy = 0. 
Consequently : . 
— gr oe 
os = : 9,2 = —— = 9*/1,41. 
2 V9 


This solution could only be obtained from 
the analytical solution because the function: 


Ar = (¥1 +92) —33 


shows, at the abscissae points 0 and 9* 
singular points at which the derivation is not 
cancelled out. 


difference of the squares of the successive 


hours spread out of K trains leaving must 
*2 


3 , 
be constantly equal to x: There is there- 


fore no longer an equal time spacing allo- 
cation of trains leaving. 


6. — If we remember that we designated 
by TaF? and S»* respectively the average 
waiting time before the operation of prepar- 
ing to depart and the time of operation relat- 
ing to the second phase, the theoretical hour 
of departure of the service I under the 
hypothesis Q; ~ g will be : 


ty = Se, + TaF? + S2* 
and, if QO; ~ 2q, we will have : 

ty = Oy fp Tg + S2*; 

in == See Le ea 
and so on. 

To take lost time into account, which may 
have different values at each marshalling 
yard, it is necessary to put : 

fy = 9 + TaF? + y S2*; 
b= ina Tey se (6) 


in which y is the coefficient of correction to 
which we have already referred, which 
varies in practice between 1.2 and 1.8 and 
can be determined in each case. 


The relations (6) make it possible to 
establish the spacing of the trains leaving a 
marshalling yard which will satisfy the 
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condition of minimum waiting time on FD, 
leaving it to an intelligent critical estimation 
to decide the suitable average waiting times 
in FA and FP as a function respectively of 
the quantity of wagons arriving and depart- 
ing, and the number of staff employed. 


The results obtained will also make it 
possible to determine the theoretical average 
sojourn of the wagons at a marshalling yard 
for each individual service. 


This is expressed by the formula : 
par Lge Toe TT g*? - Si* + 52* 
(7) 


We think it useful to draw attention, in 
the case of relations involving only one or 
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two departures every 24 hours, to the pre- 
ponderance of the average waiting time on 
FD compared with those on FA and FP, 
and consequently to the need to assure that 
departures take place as a function of the 
effective allocation of arrivals, in order to 
have a satisfactory average time in the 
marshalling yard, as close as possible to the 
theoretical value given by the relation (7). 


The practical application of the results 
obtained presupposes a knowledge of all the 
characteristic parameters of the marshalling 
yards (operating times and average waiting 
times) which we propose to deal with at 
greater length in a future article, giving the 
statistical-mathematical methods to be used 
to calculate these. 


[ 621 .392 (52) & 625 .144 .1 (52) ] 


The Tekken system 
rail gas pressure welding method,” 


by SuHrn-icH1t AOYAMA. 


(Bulletin of Permanent Way Society of Japan, Vol. 1, No. 9, December 1960.) 


1. The Preface. 


The Railway Technical Research Insti- 
tute, JNR, completed a new rail gas pres- 
sure welding machine in 1957. In making 
standard rails (25 m) from short ones in a 
factory and long rails in the field, the 
results such as mentioned later in_ this 
report were obtained. It is worthy of 
special mention that so far no failure has 
occurred in any welded point. 


(1) Manufacturing standard rails (25 m) 
from short ones in a factory : 


The number of welding jobs 
About 70 000 


(2) Preparing long rails in the field: 
The number of welding jobs 


About 7 800 


The total length of the track consisting 
of rails welded with this machine is ap- 
proximately 120 km and the maximum 
length of a single welded rail is 1475 m, 
laid between Fujisawa and Chigasaki on 
the Tokaido Line. 

At present, there are seven Tekken type 
rail gas pressure welders including a trial- 
manufactured one. 

Six sets are owned by the Japanese 
National Railways and one by the Nagoya 
Railway K.K. One unit is to be exported 
to the Nationalist China (Formosa) to be 
used by the Formosan Railway: in 1961. 

Furthermore, a bigger model of this 
machine is planned for construction to be 
used on the new Tokaido Main Line. 


(*) « Tekken » is the abbreviation for the « 


nical Research Institute). 


The Tekken type rail gas pressure 
der is of an entirely unique design, 
in 1955 patents on the structure of 
main body and the burner were gra 
to the JNR. 

Here a brief explanation is giver 
the structure of this machine, the wel 
operations in general using this appar: 
the results of such operations and the 
operations as well. 


2. The apparatus for welding rai 


The apparatus for welding rails | 
prise, in the case of factory work, the 
der, rail bender, circular saw, two- 
rail drill, grinder for finishing, roller 
veyor and loading device or, in the 
of field operations, the welder, cente 
machine, simple portal crane, grinde1 
finishing the end surfaces and the we 
sections, winch, rail bender, roller 
veyor, generator and tools for reme 
the rails. 

Except the welder, the above-menti 
apparatus in factory work are simila 
those in use in a rail flash butt wel 
plant, and in field work, except the w 
and the centering machine, all are por 
and easy to fix. 

Here the welder is described with 
phasis on the patented points. 

The present rail gas pressure w 
consists of a welding machine prope 
pressure system, gas system, water-co 
system, measuring instruments, car 
device and bed. 


Tetsudo Gijutsu Kenkyusho >» (Railway 
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The rails to be welded are introduced 
by the rollers attached to both ends of the 
machine, made to thrust to each other. 
end to end, at the center of the machine 
clamped at their webs, and oil pressure 
is applied to the two oil pistons and while 
the prescribed pressure is being applied, 
the surfaces to be welded are heated by 
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3) The burner for heating (See Table Ze 

t) The number of gas cylinders: 12 for 
oxygen and 12 for acetylene. 

5) The protective water tank for cooling 
the burner and the body. 

Diameter x 
590 mm x 


height x 
3300 mm x 


capacity: about 
900 1. 


Fig. 1. — The « Tekken » type rail gas pressure welder. 


an oxyacetylene burner and 
welded. 

The external 
shown in figure 1. 
of the welder are as follows: 

1) Overall breadth 1370 mm, overall 
length 3030 mm, overall height 1400 mm, 
and weight (not including the water tank 


and the gas system) 2.7 tons. 

2) The upsetting forces and the oil 
pressures for types of rails to be welded 
are indicated in Table 1. 


pressul co 


view of the welder is as 
Principal specifications 


6) The running wheels. Diameter 250 mm, 


gauge 1067 mm. 


7) Wheels for lateral movement. Dia- 


meter 100 mm, gauge 2680 mm. 


mechanism for rail clamping 


2-1. The 


and upsetting. 


As figure 2 shows, if one operates the 
forked arms by the lever which releases 
the grasping block, holds the webs of 
rails by the clamping shoes which move 
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TABLE 1. — Rail types, upsetting forces and oil pressures. 


Oil pressure 
(kg/cm?) 


Upsetting force 


Rail types 
esa (ton) 


(kg/m) 
50 
37 
30 


TABLE 2. — Gas flux and consumption. 


Type of rail (kg/m) 
. Flux (//h) 7 300 6 100 
Consumption Oxygen 770 560 
I/job Acetylene 610 440 


Mixed gas pressure About 80 mm Hg 


only in parallel to each other, and while 
making the clamping shoes pressed tightly 
to the rail webs, makes the oil piston 
work in the pressurizing direction, the left 


than the friction angle formed by the 
rails and the clamping shoes. 

Because this upsetting force is balanced 
by the holding mechanism of the same 


Connecting bond 


; C 
\ 
\ 


\_Rail web 


\ 
\ Cradle stand 


\ 


\ \ Connecting rod 


Fig. 2. 


and right forked arms are pressed to the 
cradle, holding the rails, with a force pro- 
portionate to the welding pressure, with- 
out slipping because the angle a is smaller 


Forked arm 


— The mechanism of rail clamping and upsetting. 


system on the cradle, the desired amount 
of upsetting force is engendered on the 
contacting surfaces of the rails. 

The reactive force to the grasping force, 
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which arises in the forked arm, is absorbed 
by the connecting belt, and if the defor- 
mation is ignored, only a tensile stress 
works in the connecting rod in reaction 
to the upsetting force. 

Furthermore, because the connecting rod 
and other members are arranged in a sym- 
metrical position to the load, no deforma- 
tion of the machine due to an unbalance 
of forces arises. 


Sidewise shifting device 
SS eg Le vICS 


Accumulator 


Y 


Operation lever 
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valves of the control valve, which has been 
pushed open by a cam. Thereby the oil 
on the return side is discharged into the 
oil tank. 
_ Thus a welding pressure upon the rails 
is generated. Then, if one returns the 
control valve lever to the READY position, 
the two trap valves close. 

If in that condition one operates the oil 
pump, the pressure oil enters the return 


Pressure piston 


Pressure work 
Oil supply 


Oil discharge 


Fig. 3. — The oil pressure system. 


Accordingly, no such force works as to 
bend the rails or to make their contact 
sections askew. Then, if one pushes back 
the oil piston, the forked arm _ rotates 
around the vertical pin, and the rails are 
freed from the clamping shoes. 


2-2. The 
system. 


It is explained how the oil pressure 
system works chiefly with regard to the 
welding operations. If, as shown in fi- 
gure 3, one places the control valve lever 
in the READY position, closes valves B, 
D and E, and opens valves A and C, and 
after adjusting the oil pressure of the accu- 
mulator to the prescribed value, sets the 
control valve lever to the upset-welding 
position, the oil in the accumulator presses 
out the oil piston through the two trap 


of the oil pressure 


working 


side of the oil cylinder, pushes back the 
piston and at the same time pushes back 
the oil in the pressurizing side into the 
accumulator and restores the oil amount 
as well as the oil pressure to the original 
state. 

Accordingly, always the same pressurizing 
condition is maintained. Furthermore, by 
operating the valve as shown in the figure, 
one can refill the accumulator with oil, 
or discharge it and move vertically the 
wheel for jateral movements. 


2-3. The gas system. 

In order to decompress great amounts 
of oxygen and acetylene to about 80 mm 
on the mercurial columns and to adjust 
the fluxes to the prescribed amounts, oxy- 
gen and acetylene from 12 each gas pres- 
sure cylinders are decompressed in two 
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steps by large reducing valves and _pres- 
sure equalizers and supplied to the bur- 
ners. 

As safety devices, a dry type safety valve 
and an explosion preventive are provided. 
The flame scarfing burner (*) is supplied 
with oxygen and acetylene respectively via 
the front and the rear of the pressure 
equalizers. 


9-4, The burner for heating. 

As figure 5 shows, the burner is in sym- 
metrical position to the section of the 
rails. It consists of an all-round conti- 


Flux adjusting valve 
Reducing valve 


Oxygen bottles 
S 


\\Pressure equolizer 
BA ai Bas beset 


Acetylene gas bottles JG 


7 
Ge Se 


Explosion preven 


Adjusting valve [Ho fr— 
a es 
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A mercury pressure gauge is attached 
to the gas chamber and measures the 
pressure of the gas which is emitted. 

The cooling of the burner is automati- 
cally done by natural circulation which 
occurs due to thermo-syphon effect. 


3. The welding operations. 


Whether indoors or outdoors, welding 
operations consist of the following five 
steps : 

1) The preparation of the rails to be 
welded; 2) upset welding operations pro- 


Oxygen cock Mixed gas blow pipe 


| Cooling water outlet 
pass Betatetiis Shee See 
| Heat insulation box 


Le 


Acetylene gas cock 


Burner 


/ Pressure gauge 
(mercurial columns) 


ting device \ Cooling water inlet 


Fig. 4. — ° 


nuous gas chamber and cooling water 
chambers which sandwich the gas chamber 
and is made of one block cast aluminum 
alloy. It has been anode-treated and 
MA-fluid treated to have an anti-corrosive 
and anti-pressure nature. 

The gas enters from the metering ori- 
fice fixed above and ejects out of the nume- 
rous brass nozzles arranged in series on 
the inner side of the gas chamber and 
heats the entire circumference of the rails 
evenly. 


(*) The flame scarfing is an operation to 
burn off the excess metal from 


the welded 
part and to even out the surface. 


/ Blow pipe for flame scarfing 


The gas system. 


per; 3) finishing the rails with a grinder; 
4) a non-destructive test; and 5) the recti- 
fication of the welded rail and a lateral 
and vertical deformation checkup. 

Outdoor operations are not conducted 
when it rains or when it is windy. 

Each step is briefly explained in the fol- 
lowing paragraphs. 


3-1. The preparation of rails. 


1) The rails are carefully rectified befo- 
rehand so that the finish may be fine. 
2) When used rails are to be welded, two 
rails with the same degree of wear ought 
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to be selected, their battered ends are cut 
off with a circular saw, and the oil on the 
end surfaces is carefully washed off with 
caustic soda solution or the like: 3) If new 
rails are to be welded, the rust and paint, 
il any, have to be removed from the end 
surfaces with a grinder: 4) because the 
degree of the end surface finish greatly 


‘ . 
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process of pressuring and heating, the pre- 
scribed compression has been obtained, 
put out the fire, and after compressing by 
another 4 mm, remove the upsetting pres- 
sure; 5) immediately remove either the rails 
or the welding machine, bring out the rails, 
and remove the excess metal at the welded 
part by the flame-scarfing process while it 


Fig. 5. 


affects the welding effect, the end surfaces 
must be finished as cleanly and as evenly 
as possible and must be accurately at right 
angles with the axial direction of the rails. 


3-2. Welding operations. 


1) Induct the rails into the welder, wipe 
the surfaces to be welded with clean cloth 
or carbon tetrachloride; 2) grasp the rails 
at their webs with the clamping shoes, set 
them center to center and apply upsetting 
pressure; 3) heat the welding part with the 
burner up to a_ temperature between 
1150°C and 1200°C; 4) when, in the 


— The burner for heating. 


is still red-hot; 6) return the rail or the 
welder to the original position, and an- 
neal the rail for about 1’30” with the bur- 
ner used for heating. The temperature 
in annealing is between 800°C and 900° C; 
7) after the annealing, leave the rail to 
be air-cooled. ‘The heating time and the 
amount of upsetting are shown in Table 3. 


3-3. Finish by a grinder. 

1) Applying the 400 mm. straight-edge 
and a surface plate painted with minium, 
finish the upper and lateral surfaces of 
the welded raiJs with a grinder and a file 
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TABLE 3. — Heating time and the amount of upsetting. 


Heating 
time 


Type of rail 
(kg/m) 


Bl ae Gu 
240" — 3/10" 
2'35" = 3/00" 


until no gap remains; 2) the entire under- 
surface of the base and such part of the 
upper surface of the ends of the base as 
lies within 20 mm from each edge must 
be roughly finished with a grinder until 
the 400 mm_ straight-edge touches uni- 
formly; 3) the web must be cleared of the 
excess metal by flame-scarfing but need 
not be finished. 


3-4. Non-destructive tests. 


tests conducted in 
weak points such as 
non-welded section only at both ends of 
the base. If there is such a defect, the 
strength of the rail greatly decreases. 


Numerous strength 
the past revealed 


Accordingly, one must conduct a non- 
destructive test by the paint penetrant 
method and check the ends of the base, 
and if one detects a defect, one must cut 
the rail and weld it again. 

This procedure greatly increases the 
reliability of the products. Paints used 
for the non-destructive tests include dye- 
mark and red check. 


3-5. The rectification of the product and 
the lateral and vertical checkup. 


1) Welded rails may be rectified while 
they are hot or cold as in the case of 
rectification of ordinary rails. In the 
lateral and vertical deformation test, one 
stretches a yarn for a 2-m span, pulls it 
with a 2 kg spring balance, and if the 
deviation of the center is within + 1 mm, 
the lateral and vertical linearity is regar- 
ded passable. 


Upset 
while heating 


Upset 
after quenching 


4. The results of the strength test. 
4-1. The standard strength. 


The standard strength of test pieces, 
according to criteria established by the 
Railway Technical Research Institute fol- 
lowing a great many tests, is as shown 
below, regardless of the types of rails. 
However, the test rail should be a JIS 
rail with little segregation. 


1) The joint efficiency in a bending test 
(both normal and inverse): 95 = 3 %, 
ranee ss) 74.9), 9) to LOS: See 


The term « joint efficiency » here means 
the percentage of the strength of the weld- 
ed portion to the strength of the base-metal 
rail and serves as a measure for judging 
the propriety of a welding method which 
uses no welding rod, such as flash butt 
welding. 


2) As a result of a test upon a JIS test 
piece and of a rolling load test (the fati- 
gue test of a full-size rail), it has been 
known that the strength of the welded 
section is equal to or greater than the 
strength of the original rail. 


3) The hardness of the welded part is. 
approximately the same as the hardness 
of the material rail although the distri- 
bution of the hardness was uneven, namely, 
there was a place about 15 mm in breadth 
and 60 mm distant forward and backward 
from the welded part where the hardness 
decreased by between 20 and 40 in terms 
of Brinnel numbers. 


J r 
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TABLE 4. — Annealing effects. 


Standard operation Without annealing 


Average jomt efiiciency 2 . § : . . . O29 
2 92.7% 


FRAUEN Bmic te, 2 le ey ea 80° 
. . ° . . . ae o 
bewers<"Or eh oe eS hee cds 7 units 


Number of test pieces 


6. — The field operations (between Fujisawa and Chigasaki, 
Tokaido Line). 


4.2. The test of the annealing effect. 4-3. A test upon a rail having much se- 

By using 50 kg rails, we have compared greganians 
a rail which has been annealed and a 
rail which has not been annealed and 
ascertained that the annealing 1s effective, 
as Table 4 shows. 


We pressure-welded rails with much se- 
gregation and conducted a bending test 
upon them. As a result, we have ascertain- 
ed that the joint efficiency is bad (about 
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TABLE 5. — The numbers of welding jobs per unit of supplies. 


Name Unit 50 kg/m rail 37 kg/m rail 
Oxygen cylinder (containing 6 000 /, residual 
pressure : 8 kg/cm?) J 4 4.5 
Acetylene cylinder (containing 7 kg, residual 
pressure : 3 kg/cm?) . : 1 4 4.5 
Grindstone 175a@ = 45B. 1 8 10 
Grindstone 175.3 25B. 1 8 10 
File (rough pitch, 14"). . 1 Ee a 
Carbon tetrachloride bottle (containing 500 2) 1 20 20 
Bandage (quarter size 4.5 m in length) . 1 8 8 
Detergent (500 g) . 1 bottle 36 36 
Dyemark Penetrant (SOO g) 1 bottle ea 125 
Developer (500 g) . 1 bottle 63 63 
Machine oil (No. 120) Na 50 50 
Minium . Pans lg 1.6 1.6 
Rag 1 kg 32 32 


N. B. — Fuel for generator and winch is not included. 


TABLE 6. — The composition of the operation personnel. 


Type of work 


Welding end surface finishing 
Rail delivery and removal 
Rail centering 


Operation of the welder ; 

Rail induction 

Operation of the winch ‘ 

Finishing the welded part by the grinder and inspection 
Superintendence . 3% ' 

Total 


80 % on the average) in such rails although 
the non-destructive test has revealed no 
particular abnormal signs on the broken 
section. Accordingly, it can be said that, 
rails with much segregation are unifit to 
be welded. 


4-4. The 


A gap of about 1 mm in thickness and 
about 20 mm in breath was given to the 


gap test. 


Technicians Workers 


Om fe onNnoor 


rail base, the rails were welded together 
and a bending test was conducted. As 
a result, a non-welded section remained 


at the end of the base, and the strength 


of the welded rail was very poor (the joint 


efficiency was below 60 %). However, 
when the gap was given to a different 
place of the rail, the strength was little 


affected. 
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TABLE 7. 


Preparation 


14 jobs a day 


4-5. The 


The end surfaces were made to rust or 
painted with oil and were welded. In 
some cases, the strength deteriorated greatly 
(the joint efficiency was below 60 %). In 
other cases, where there was much rust, the 
welded part fell apart during cooling. 


end surface staining test. 


5. The field welding operations. 


With reference to figure 6, figure 7 and 
Tables 5 to 7, a brief explanation of field 
welding operations with the Tekken type 
rail gas pressure welder is made as follows: 


Welding operation 
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— The operation schedule. 


Removal Holiday 


one day per week 


The cost of supplies per job of welding 
is about 1000 yen in the case of a 50 kg 
rail. 


5-3. The operation personnel. 


The composition of the operation per- 
sonnel is shown in Table 6. Only such 
persons, however, as have passed the exa- 
mination for operator’s licence are qualified 
to operate the welding machine in _pre- 
paring JNR rails. The personnel shown 
in Table 6 seems to have room for curtail- 
ment. 


8 rollers arranged horizontally at intervals of 3~4 m @ > Portal crane 
Pa rollers: arranged horizontally ot intervals of 3~4 m @) Centering machine 
: 7 rollers arranged in grade at intervals of 7 m @ Welding machine 
450 xa a f sak tee, x @ > Rails to be welded 
jos | | Y rollers arranged horizontally y | ©) Temporary track for work 
| | at intervals of 6 m | @® Track to be replaced 
———— | @ Welded rail 
a me (@) Winch for wire refurning 
Pr ae © @) Pulley 
@® Winch for drawing out 
welded rail 
Gi) Grinding end _ surface 
of rail 


G2) Welding machine 
(3) Finishing by grinder 
a4 Inspection 


Fig. 7. — The arrangement of the welding apparatus. 


5-1. The arrangement. 


The basic arrangements for field welding 
operations and the actual work are shown 
respectively in figures 6 and 7. In some 
cases of new track construction work, rails 
of the prescribed length are welded from 
one end of the track, “the welder is carried 


further, then the welding is conducted 
again, and thus the track is gradually 
extended. 


5-2. Welding supplies. 


The numbers of welding job per unit 
of welding supplies are shown in Table 5. 


5-4. The operation schedule. 


Experiences teach that an operation sche- 
dule such as shown in Table 7 is recom- 
mendable. For skilled and experienced 
operators, however, it is possible to carry 
out more than 30 jobs per diem of welding 
in eight hour’s shift. 


Shin-Ichi Aoyama. 

Chief of Machine Shop. 

Railway Technical Research Institute. 

Japanese National Railways. 

Regular Member of Permanent 
Society of Japan. 


Way 
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Recent developments in tunnel permanent 
way techniques, 


by Hans Ludwig HArter, Dipl. Ing., Wuppertal. 


(Eisenbahntechnische Rundschau, No. 8, August 1960.) 


The technical perfection of modern railway permanent way has also been extended to 


ihe improvement of railway tracks in tunnels. 


A number of methods, described below, 


will ensure a longer service life of the rails and more economic maintenance of per- 
= . . . . 
manent way in narrow tunnels where maintenance work is difficult. 


1. Extent and special features 
of tunnel tracks. 


The 522 tunnels on the railway lines at 
present in operation in the territory of the 
German Federal Republic contain some 
350 km of track, corresponding to an aver- 
age of 8 km of tunnel track per 1000 km 
of main line track of the German Federal 
Railway. ‘Though the total length of tun- 
nel track is thus relatively small, it is very 
unevenly distributed over the different 
railway regions. Thus, the proportion rises 
to nearly 30 out of 1000 km in some 
regions such as Karlsruhe or Wuppertal: 
in others, such as Augsburg, Hamburg, 
Munich or Miinster, it is virtually zero. 
Even between one line and another, the 
tunnel percentage may vary considerably; 
on the Offenburg-Villingen line in the 
Black Forest, for instance, it amounts to 
as much as 15 °%. Since, in addition, such 
lines with many tunnels usually also have 
unfavourable curvatures and gradients, 
track maintenance becomes very expensive, 
as the special conditions applying to per- 
manent way in tunnel always give rise 
to greater concern for the maintenance of 
tunnel track than for that of open track. 

In particular, the high rate of corrosion 
experienced in long and badly ventilated 
tunnels gives rise to premature wear of 
rails and track fastenings. Such corrosion 
is due to the moisture which, even with the 
best possible sealing of the tunnel vault 


and with most careful drainage arrange- 
ments, can hardly be kept away from the 
track completely. The corrosive effect is 
even greater if the water itself is highly 
corrosive. But even the air humidity alone, 
in conjunction with the sulphurous acid 
emanating from the smoke gases of the 
steam locomotives, is apt, to cause heavy 
corrosion of the rail metal. 


In long tunnels, the wear of the rail 
head increases with the distance from the 
tunnel mouth and is generally twice as 
great, and in individual cases up to five 
times as great, as on open lines. Moreover, 
the intensified wear causes the premature 
loss of the force locking capacity of the 
fastenings. 


2. Developments in tunnel permanent 


way techniques. 


In these circumstances, it is not surpris- 
ing that the permanent way in tunnels has 
always called for special efforts and increas- 
ed attention on the part of the railway 
engineers. | Moreover, since renewal and 
maintenance works in tunnels are not only 
difficult and dangerous but also extremely 
costly, one has always endeavoured to re- 
duce the cost of such maintenance. 


In spite of the relatively great quantity 
of metal fastenings, the « K » type standard 
permanent way which was introduced by 
the German Reichsbahn on open sections 
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in 1926 and is still regarded as satisfactory, 
has also, in the course of the years, been 
used increasingly in tunnels. For this pur- 
pose the beechwood sleeper has been found 
to be best suited. Steel sleepers have been 
avoided because of their own corrosion 
proneness, whilst oakwood sleepers have 
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the service life in tunnels by using a type 
of permanent way similar to that used for 
bull-headed rails in Britain, which was first 
used in Baden about fifty years ago and 
which, since 1928, has also been used 
elsewhere in Germany (fig. 1). This type 
of permanent way had the advantage that, 


Schnitt:A-A 


Ln 


~< 500 
Fig. 1. — « T » type permanent way for tunnels. 
The rail is fastened by means of hardwoud wedges. 
N. B. — Nagel aus Eichenholy = oakwood spike. — Nagel aus 
Schweisseisen — wrought iron spike. — Grundriss = plan. — Schnitt 
= section. 


been avoided because the tannic acid con- 
tained in this wood favours the corrosion 
of the metal fastenings. Because of the 
relatively large total surface of the metal 
fastenings, their service life in tunnels is 
generally no longer than one-half or one- 
third, and in certain cases no more than 
about one-seventh, of that on open sec- 
tions. The attempt was made to prolong 


for the fastening of the rails to the cast 
iron chairs, no metal fastenings were need- 
ed. But it had the drawback that the 
wooden wedges tended to become loose 
very easily so that the tensioning of the 
track deteriorated. Since, moreover, this 
type of permanent way calls for a con- 
siderable quantity of materials and_ for 
heavy expenditure, it was abandoned in 
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1937 in favour of the « K » type permanent welded to form lengths of 60, 90 or 
way. 120 m (’). In 1930, continuous welding 


In recent years, further noteworthy suc- 
cesses in reducing the cost of tunnel track 
renewal and maintenance have been achiey- 
ed, mainly through structural measures. 
Among them are the elimination of the rail 
joints through continuous welding of the 


b<—_—7i¢ 95>} 


was applied, for the first time, to the whole 
length of a tunnel track in the 2652 m 
long Rudersdorf Tunnei of the Ruhr-Sieg 
line. Although, in long tunnels, the tem- 
perature fluctuations are smaller so that 
the stresses are lower and the risk of rail 


Fig. 2. — Cross-sections of rails 549 and S 64. 


N. B. — Schwerachse = centre line of rail. 


Moment of 


Weight inertia 


Rails 
(kg/m) J,.(cm4) 


S 64 64.7 


S49 


49.4 


tunnel tracks; the use of rails of larger 
cross-section; the replacement of normal 
metal fastenings by elastic spikes; the use 
of sleeper-less permanent way on a_ solid 
base; the improvement of the wear resist- 
ance and corrosion protection of the rails, 
and finally, the improvement of working 
conditions in the tunnels. 


a) Continuously welded tunnel rails. 


In 1924, for the first time, tunnel rails 
of the then standard length of 15 m were 


Section 
modulus 


Stability 
(width/height ratio) 


Ratio of head 
and base areas 


W,(cm3) 


buckling is reduced, it was only with con- 
siderable hesitation that, in the following 
years, the policy of eliminating the rail 
joint — the weakest point in the track at 
large — was pursued further. For obvious 
reasons, nothing much could be done dur- 
ing the second world war and the imme- 
diate post-war years. By 1950, welding was 


(‘) BIRMANN : « Geschweisste Schienen in 
Tunneln » (Welded rails in tunnels). « Eisen- 
bahntechnik », 1950, No. 1. 
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therefore still confined to not much more 
than 10 % of all tunnel tracks, with about 
one-third of them continuously welded. 
Since that time, however, continuous weld- 
ing of rails in tunnels has been resorted 
to systematically. Since 1958, the introduc- 
tion of the rapid welding method has made 
it possible to carry out rail welding opera- 
tions even during relatively short  inter- 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 483 


same, the larger size and 1.5 times greater 
section modulus of this rail entails a con- 
siderably prolonged service life. | Admit- 
tedly, the permissible vertical wear of S 64 
rails in Class I track is not much greater 
than that permitted for the latest 149 mm 
high type of rail $49 (16 mm, compared 
with 13 mm). In the case of rail $ 49, how- 
ever, even a vertical wear of no more than 


Fig. 3. — Track renewal 


vals between trains. As a result there has 
been a drastic decrease in the number of 
rail fractures which in over 60 % of all 
cases on open sections and in an even 
higher percentage of all cases in tunnels, 
used to emanate from the fishing surfaces 
at the joints; moreover, the elimination of 
the need for maintaining the rail joints 
has given rise to considerable savings. 


b) Type « S64 » rail. 
In 1952, the wear-resistant rail S64 was 


introduced for use in long tunnels. With 
this rail, the width of the head is about 
one-tenth greater than that of rail S49 


(fig. 2), and although the rate of vertical 
wear, under equal conditions, is about the 


with S 64 


rail and 
transition between permanent way types Hf64 and K 49. 


twin elastic spike Dna 1; 


9 mm, often in conjunction with the re- 
duction in the section modulus caused by 
corrosion on all the surfaces of the rail, 
is apt to cause such a high fracture pro- 
neness that the height of the rail should, 
if possible, not be allowed to decrease 
below 140 mm. _ Rail S64 can therefore 
be reckoned to have twice the service life 
of rail S 49. 


c) Elastic spikes. 

In order to reduce the quantity of metal 
fastenings, rail S64 (which has a foot width 
of 150 mm) is directly fastened to the hard- 
wood sleepers by means of elastic spikes, 
without sole plates, albeit with shim plates. 
With this « H{64 » type of permanent 
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way, the quantity of metal fastenings is 
reduced to about 2 kg per fastening point, 
compared with nearly 12 kg for « K49 » 
type permanent way. 


In this connection, 


Fig. 4. — Twin elastic spike Dna 4. 
N. B. — Schnitt = section. 
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elastic spikes with round cross-section, Dna 1 
and Dna2 (fig. 3), have not been found 
so satisfactory since they are liable, even 
on straight track, to become notched at the 
shaft and by the side of the rail foot in 
the course of time so that fatigue fractures 
are apt to occur. Occasionally, wear has 
even been observed on the loop lying on 
the rail foot. In curves with radii below 
1000 m, gauge widenings have been ob- 
served wich were at least partly due to the 
notches. For this reason, « S64 » rails 
lying in sharply curved tunnel sections have 
occasionally been laid on ribbed sole plates 
with gauge widening, designed for K 49; 
these « Rpm plates », which were taken 
from old stocks, were re-milled at the sides 
of the ribs to obtain a better seat for the 
clips. With elastic spikes of square cross- 
section, wear of this type was not expe- 
rienced to the same extent, especially as 
these spikes have surface contact. 

Apart from the prolonged service life 
of « Hf64 » permanent way, reflected in 
reduced cost of renewal, the maintenance 
cost too will be considerably reduced since 
levels and alignment are altogether better 
preserved than with « K49 » permanent 


Fig. 5. — Twin elastic spike Dna 6. 
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way. But these features can only be quan- 
tified after a further trial period. 
According to an instruction issued by 
the German Federal Railway in 1959, the 
standard permanent way of the line should 
be carried through tunnels of up to about 
120 m length which experience has shown 
to be free from corrosion. In tunnels of 
a length exceeding 120 m, « Hf 64 » type 
permanent way should be used; where the 
corrosion risk is not 


twin elastic 


ereat, 
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manent way in the tunnels have resulted 
in a considerable prolongation of the ser- 
vice life of the rails, and in an important 
reduction in the quantity of metal fasten- 
ings used. So far, however, it has not been 
possible to achieve any important improve- 
ment in the life of the sleepers, and espe- 
cially in their gauge keeping capacity. Even 
for this reason, it seemed desirable to carry 
out trials with sleeper-less permanent way. 
According to specifications issued in 1957, 


Fig. 6. — Hf 64 type permanent way with twin elastic spike Dna 6. 


spikes Dna4 (formerly known as double 
shaft elastic spikes) with a rectangular cross- 
section of 9 &« 18 mm (fig. 4) should be 
used; in all other cases, twin elastic spikes 
Dna 6 (formerly known as elastic rail clips) 
with a square cross-section of 14 x 14 mm 
must be employed (fig. 5 and 6). The 
Omega-shaped twin elastic spike Dna 6 is 
geometrically similar to twin elastic spikes 
Dna 1 and Dna 2, the only difference being 
the cross-section of the spikes. 


d) A trial with sleeper-less permanent 


way. 
The continuous welding of the rails and 
the introduction of « Hf64 » type per- 


it was intended to find out whether it 
would be possible, in suitable cases, to 
lay the rails in a tunnel in such a way 
that, apart from minor adjustments in levels 
by means of shim plates placed under the 
rails, no subsequent adjustments would be 
required. Best suited for such trials were 
double-track tunnels without concrete in- 
vert, driven through solid rock and flanked 
by good tunnel walls, where track or 
sleeper renewal work was imminent in any 
Case. 

The trial specifications worked out by 
the German Federal Railway’s Central De- 
velopment Office at Minden, Westphalia, 
provided for the cross-sections shown in 
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lige 7 cand 58(). According to these speci- 
fications, the cleaned tunnel invert is to be 
covered with a loadbearing layer of col- 
creted ballast. This layer is separated from 
the about 12 cm thick, steel mesh rein- 
forced concrete slab by an insulating layer 
of approx. 5 cm thickness (fig. 7). Depend- 
ing on local circumstances, the reinforced 
concrete slab may also be placed directly 
on the previously levelled rock bottom 
(fig. 8). 

The track slab consists of in-situ’ cast 
concrete and contains, under each line of 
rails, recesses arranged at normal sleeper 
intervals in which precast concrete blocks 
can be inserted. On these blocks, the run- 
ning rails must then be fastened by means 
of twin elastic spikes, with the insertion 
of poplarwood or rubber shim plates, using 
corrugated dowels. “The blocks are embed- 
ded in concrete when the rails have been 
finally adjusted. 

In 1959, this sleeper-less type of per- 
manent way was built, by way of trial, 
in a 130 m long section of the Schdnstein 
Tunnel on the Sieg line between Giessen 
and Cologne, and in the 233 m_ long 
Hengstenberg ‘Tunnel of the line from Ha- 
gen to Brigge (fig. 9). The cost of con- 
struction was not inconsiderably higher 
than that of Hf64 type permanent way. 
But this type of permanent way may well 
be economic in the long run since the 
need for sleeper and ballast renewals is 
completely eliminated and other rehabi- 
litation work can remain confined to minor 
adjustments of levels. The sleeper-less track 
may be of special advantage where the 
track must be lowered in order to obtain 
the enlarged clearance gauge required for 
electric traction. As the structural height 
of the permanent way is reduced by the 
height of the sleepers, the sleeper-less track 
might even reduce or wholly obviate the 
need for lowering the tunnel invert. The 
headquarters administration of the Ger 
man Federal Railway has therefore recom- 
mended the use of sleeper-less track in all 
cases where the track must be lowered. Ad- 


(*) Drawings Ioarv 79a, Sheet 2, and Ioarv 96. 
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in curved 


ballast. 


Grosse Vertiefun- 


— Schotter 
— Entwasserung nach Ortlich- 


— Im Gleisbogen 
stone pitching, 


sealing concrete. 


Packlage 


Vergussbeton 
levelling course consisting of compact and colcreted ballast. 


cm thick bitumen coated chippings. 


coarse crushed stone, 


major cavities in the tunnel bottom must be levelled out by coarse crushed stone or stone pitching. 


wall, 
5 


tunnel 
colkre tisiert 


layer consisting of approx. 


Tunnelwand 


— Ausgleichsschicht aus verdichtetem Schotter, 
— Grobschotter 


insulating 


drainage, depending on local conditions. 


arrangement C with continuous concrete slab in accordance with Drawing Ioary 96, 
in straight track. 
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mittedly, however, it will then no longer 
be possible subsequently to increase the 
distance between parallel tracks which, in 
most tunnels, is no greater than 3.5 m. 

It is still too early to make any state- 
ments about the success of the sleeper-less 
track as such, or about the transmission of 
track vibrations to the tunnel structure. 


S68 -Doppelspanns 
nage! Dna 6 
Zwischen = 
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duced as a wear-resistant rail with a mini- 
mum strength of 90 kg/mm*, In sharp 
curves, wear can be reduced, apart from 
the lubrication of the wheel flanges of the 
vehicles, by stationary lubricating devices 
on the rails. Among anticorrosion measures 
which are apt to make a not inconsiderable 
contribution to the prolongation of the 


Betanblock 
Wellen= 


Fels oder nach Zeichnung loarv 79a 812 ry 
ausgebildete Tragschicht 
2500 | 
| = 
—— ane a x 
> 
g 
5 5 S 
297.5 2p 580 —rpe— 1125 | | 
Ss 
— s——.—.— HE 
ks 
3 Bewehrung: 
AUSSpETUNG acm ae Rundstehl 10 ¢ oben und unten, 
i durch Bugel ¢ verbunden, 
a ° . - a 4 < - — 
= Werkstoff: B600 
= uf Gewicht: 23kg 
Bemerkungen: Jm Abstand ven 650m sind Querfugen auszubilden Stoff-Nr 4170.29 
fur die Bewehrung ist die Zeichnung loarv 9, Bl 2 aufgestelit 
Die Betonplatte ist aus B 300 herzustelien. 
Kennzeichnung der Seite, die zur Gleisachse liegen muB. 
Fig. 8. — Sleeper-less permanent way for tunnels with rail S 64 as specified in Drawing Ioarv 96. 


Concrete block shown four times enlarged. 


Explanation of German wording : 


Aussparung = recess. — Vergossen = sealed. — Vergussbeton = sealing concrete. — Zwischenlage 
= shim plate. — Doppelspannagel — twin elastic spike. — Bewehrung nach Untergrund = reinforce- 
ment depending on sub-base. — Fels oder... = bedrock, or bearing layer provided as_ specified 
in Drawing Ioarv 79a, Sheet 2. — Im Abstand von 6.50 m transverse joints to be provided 


at intervals of 6.50 m. — Fir die Bewehrung... = for steel reinforcement, see Drawing Ioarv 96, 
Sheet 2. — Die Betonplatte ist aus... — the concrete slab must consist of B 300. — Betonblock = con- 
crete block. — Wellendiibel — corrugated dowel. — Kennzeichnung... = marking the side facing the 
centre line of the track, — Rundstahl... = reinforcement: round irons 10 mm dia. top and bottom, 
connected by stirrups. — Wekstoff — material. — Gewicht = weight. — Stoff = Code No, 4170.29. 


life of rails and fastenings are protective 
coats of paint as well as varnish-like plastic 
coatings and, in the case of spikes, hot-dip 
galvanisation. Coats of red-lead, tar or 
asphalt products and, in recent years, anti- 
rust oil have been tried out. For the rails, 
excellent experience has been gathered with 
a system consisting of one or two red lead 
primers and two finishing coats of a coal tar 
pitch solution. Where the red lead primers 
had been omitted, sub-surface corrosion 


e) Improving the wear resistance and 


corrosion protection. 

The metallurgical measures that can be 
taken to improve the wear and corrosion 
resistance of rail steel are limited by tech- 
nical and, especially, economic considera- 
tions. An alloying admixture of 0.2 to 
0.25 % copper to rails and rail fastenings 
has not been found satisfactory in every 
respect so that this measure has again been 
abandoned. Rail $64 is exclusively pro- 
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was frequently encountered after a time. 
The same protection can also be recom- 
mended for the spikes. ‘These coatings are 
of course not able to prevent corrosion 


entirely; but they are already valuable if 
they are able to delay the onset of corrosion 


Fig. 9. — Sleeper-less permanent way for tun 
nels laid in the Hengstenberg Tunnel on the 
Hagen-Briigge line. S64 rails fastened with 
twin elastic spikes Dna 6, 
the concrete slab contained 
sleepers. 


The recesses on 
gauge keeping 


to such an extent that the rails need not 
be removed before the wear of the rail 
head has reached the permissible maximum 
value. 


f) Ventilating plant designed to facilitate 
maintenance work in tunnels. 


Only two among all the railway tunnels 
in Germany are provided with an efficient 
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ventilation plant so that, in long tunnels 
filled with smoke, conditions for works of 
all kinds are unsatisfactory. With per- 
manent way renewal works, the applica- 
tion of mechanised methods in tunnels is 
not practicable, if only because of the limi- 
tations imposed by the tunnel cross-section. 
Such work must therefore be carried out 
manually by strong teams of gangers, often 
under indifferent lighting conditions. In 
order to create tolerable conditions for such 
work, a special ventilation plant has been 
designed which is able to remove smoke 
gases even from fairly long tunnels within 
a short time. 

This plant consists of an air screw of 
about 2.5 m diameter (fig. 10) which is 
mounted on a mobile truck and driven 


Fig. 10. 


— Tunnel ventilation plant with air 
fan of about 2.5 m diameter. 
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by a 26 kW electric motor. The latter 
receives its current from a 35 kW generator 
mounted outside the tunnel. The fan is 
placed on the blocked track some 200 m 
or more from the working site. In the 
absence of wind outside, the air screw, 
rotating at about 1000 r.p.m., is able to 
generate in a double-track tunnel an air 
current of a velocity of 2.0 to 2.5 m per 
sec. When employed in the 2652 m long 
Rudersdorf Tunnel on the heavily used 
Ruhr-Sieg line already mentioned where 
ventilation conditions are particularly un- 
favourable, this plant was thus able to 
remove the smoke gases from the working 
site within 3 to 15 min, depending on the 
distance from the tunnel mouth and on the 
method of operation (suction or pressure). 
In this way, it was possible to obtain, with 
a mobile tamping machine, an hourly out- 
put of 80 m. Without the ventilation 
plant, the output would have been, at the 
most, half that figure. 

Apart from permanent way works, the 
ventilation plant will of course also be very 
useful for tunnel inspections and other 
works inside the tunnel, and again for the 
forthcoming works of lowering the track 
and rehabilitating the tunnel in anticipa- 
tion of the electrification of the Ruhr-Sieg 
line. 


3. Future prospects. 


When the « K » type permanent way, 
which had already been found extremely 
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satisfactory on open lines, was also intro- 
duced in tunnels (in spite of the large 
quantity of metal fastenings required for 
it), it provided a demonstration of the 
fact that the advantages of indirect fasten- 
ings increase with the likelihood of a need 
for frequent renewals of all or some of 
the rails. 


On the strength of experience so far, 
it can already be stated that the heavier, 
and therefore less frequently renewable, 
« Hf£64 » type permanent way is likely to 
be found satisfactory in straight and slightly 
curved track under normal traffic loads. It 
remains to be seen, however, to what ex- 
tent the elastic spikes, once removed and 
reinserted, are liable to lose their firm seat- 
ing and holding pressure so that the adhe- 
sion in the sleeper, and thus the tension- 
ing of the rail, might become inadequate 
after repeated removals. If this should lead 
to premature track maintenance work, the 
advantages expected from this type of per- 
manent way would, at least partly, be lost 
again. 


In the case of sleeper-less track, where 
the elastic spikes are fastened with cor- 
rugated beechwood dowels, impregnated 
with tar oil, another open question, in addi- 
tion to the final assessment of this type of 
track which is not yet possible, is whether 
it will be possible, in the course of further 
development, to make more use of plastics 
for permanent way in tunnels. 
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New Czechoslovakian 
system for periodic traffic control, 


by Jan SuCHANEK, 


Engineer, Transport Research Institute, Prague. 


(Deutsche Eisenbahntechnik, No. 8, August 1960 ) 


INTRODUCTION. 


The Prague Transport Research Institute 
has been working for some years on per- 
fecting a continuous system and a « perio- 
dic » system of traffic control. 


This work has led to installations which 
are likely to be introduced in the future on 
the lines of the Cechoslovakian State Rail- 
ways. [hese are a continuous system with 
4 indications making use of track circuits 
supplied with coded A.C., intended for use 
on lines equipped with the automatic block 
or electrified lines, as well as the periodic 
control system (« by points ») which is to 
be installed in a simplified form on the 
other lines. 


The periodic traffic contro] is the parti- 
cular concern of this present article. 


Starting from the original request to trans- 
mit 7 different signal aspects to the trains, 
which was satisfied as long ago as 1596 in 
the 7-indication model, the Institute went 
on to a system which transmits 4 indications 
at certain selected points (1958) and then 
to simplified periodic control (1958), which 
transmits to the train from important signals 
on the line an impulse which is used in the 
driving compartment to give optical and 
acoustical warnings (distance signal, main 
signal, order to slow down, etc.). 

We will not describe the old system with 
7 indications because of its complication, 
although the prototype was successfully 
tested on a train. We will describe both the 
systems of simplified control at periodic 
points with 4 indications. 

The common characteristic of the two 
systems of periodic control designed by the 


Transport Research Institute is the method 
of transmission from the line to the train, 
which makes use of static indicators sensi- 
tive to variations in magnetic fields, the 
design of which is based on a Czechoslova- 
kian patent No. 83037 of 1950. The work- 
ing of this indicator will be explained in 
a special article. 

The principles, which the Transport 
Research Institute elaborated for perfecting 
periodic traffic control can be summed up 
by the following points : 


1) absolute certainty of working and pro- 
tection for cases of mechanical or electrical 
defects in the installations; 


2) assured working from the lowest train 
speed to the maximum, without any mate- 
rial contact between the moving parts of the 
train and the fixed parts on the track; 


3) the transmission elements fitted on the 
lower part of the train, as well as the parts 
fitted on the track must be protected from 
contacts, must not include any moving parts, 
must stand up to vibrations as well as harm- 
ful atmospheric influences (damp, low and 
high temperatures, rays of the sun) as well as 
the effects of chemically active surroundings 
if necessary; 

4) if anything is wrong with the instal- 
lation, it must be noticeable immediately; 
should they occur, defects must act in the 
sense of increasing the safety factor; 


5) the installation must be usable on all 
types of track, i.e. also on lines with metal 
sleepers, long welded rails, etc.; 


6) all the parts must be capable of being 


made in Czechoslovakia of the materials laid 
down; 
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7) the capital and maintenance costs must 
be kept as low as possible, the installation 
of the equipment simple, and repairs easily 
made. 

Although some of these conditions are 
contradictory, they were satisfied to the 
greater part in the installations designed. 


l. The idea of traffic control in general 
and the justification for using sys- 
tems of periodic control. 


By traffic control we mean in the wide 
sense an installation which checks that the 
train is being driven in conformity with 
the indications given by the signals, and if 
not, stops the train if the driver is not able 
to do so, for any reason. 


Often traffic control] is associated with cab 
signalling, which is of particular importance 
when visibility is poor, or when poor visi- 
bility conditions are caused by fog, snow 
storms, heavy rain, etc. The action of a 
traffic control installation extended in this 
way, especially when it plays a direct part 
in the driving of the train, i.e. stops it 
should anything go wrong with the driver 
and prevent him from acting on a stop 
signal, can be considered as the logical end 
of operations concerned with the routing of 
the train. In its simple form the installa- 
tion draws the attention of the driver to 
the fact that he is approaching a fixed or 
mobile signal, a distant signal, etc., or any 
other important circumstance, and it is 
also associated with an automatic stopping 
device which comes into action when the 
driver is not able to drive the train under 
the set conditions. 


According to the method of transmission 
used from the track to the train, these instal- 
lations are divided up into continuous con- 
trol and periodic (at fixed points) control. 

The continuous system is characterised by 
the use of coded A.C. of invariable fre- 
quency (or several circuits of different fre- 
quencies) running through insulated rails. 

These currents give rise to an alternating 
magnetic field which induces in 2 receiving 
coils fitted on the locomotive frame, before 
the leading driving axle, a voltage which is 
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taken to the inlet to the equipment ampli- 
fier on the locomotive. After amplification 
and decoding, this voltage causes the appro- 
priate light signal to appear on the cab 
signals. 

Continuous traffic control can as a rule 
work in conjunction with the automatic 
block systems. 

It is clear from the above report that 
with such an installation it is necessary to 
assure a satisfactory isolation of the track. 
Maintenance of such a condition is however 
fairly castly and often comes up against dif- 
ferent difficulties, as has been confirmed by 
the experience with other installations in 
which isolated rails and track circuits are 
used. Welding of the rails, track installa- 
tions and the very long rails which are 
being more and more used make it difficult 
to use track circuits, and consequently 
devices for continuous traffic control, espe- 
cially on account of the fact that these 
require insulated rail joints which, as expe- 
rience has shown, are very subject to trouble 
in the case of long welded rails. 


It is always necessary to separate by 
means of isolated joints the running lines of 
station installations, so that the working of 
continuous traffic control cannot be obtain- 
ed by any simple means. The same applies 
in the case of using systems with unlimited 
track circuits. 

With the continuous systems, transmission 
takes place permanently during the whole 
time the train is travelling over the section 
so equipped. On the other hand, with the 
periodic systems, the transmission of infor- 
mation only takes place at a given point on 
the section, i.e. at intervals. 

The periodic systems can make use of a 
whole series of transmitting devices. Tt 
would lie outside the scope of the present 
article to enumerate all these mechanical, 
electro-mechanical, optical, inductive, induc- 
tion and resonance, high frequency, and 
special systems using for example ultra-sonic 
or radio-active rays. 

The two groups of traffic control instal- 
lations mentioned above have their advan- 
tages and drawbacks. For example, with 
the continuous system, the constant trans- 
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mission and the use of track circuits enable 
a train to see that the section it is entering 
is already occupied by another train, which 
the periodic control system alone does not; 
however this problem also can be satisfactor- 
ily solved by what is known as the points 
stopping of trains or by means of axle coun- 
ters. 


One important consideration is that pe- 
riodic systems can function without insulated 
rails and are in general less costly both as 
regards first costs and maintenance. Another 
advantage of these systems lies in the fact 
that in many cases, it is possible to use on 
the track passive elements (i.e. not requiring 
any supply of current to feed them) or even 
transmissible elements such as resonance and 
absorption circuits, installations supplied 
by induction with the source of supply on 
the locomotive (as for example in the Swiss 
Metrum system), or permanent magnets (as 
in the simplified Czechoslovakian system 
of the Transport Research Institute). 


In view of the properties we have listed 
above in the case of periodic control systems, 
it is not possible for the safety technique of 
the railway to give up using them for the 
moment, and in spite of certain imperfec- 
tions, their development, perfecting and _ pro- 
gressive use must not be impeded. 

It is generally recognised that railway 
vehicles lend themselves particularly well to 
the application of traffic control installa- 
tions, seeing that the character of the ope- 
rating is such that after the driver has been 
found to be incapable of carrying out his 
duties, there is still sufficient time to stop 
the train automatically, which would be 
impossible, for example, with road vehicles, 
not only on account of their speed, but also 
because their direction would have to be 
controlled in some way. 


It is to be hoped, however, that in spite 
of this apparently insurmountable obstacle, 
the development of safety techniques will 
also be pursued in the case of road vehicles, 
and that the experience obtained with mo- 
dern systems of continuous traffic control 
in the case of railway will in fact contribute 
to assuring safety of life, health and stock in 
the case of road traffic. 
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2. Static indicator sensitive to variations 
in the magnetic fields. 


In studying the new installations for pe- 
riodic traffic control, it is logical to require 
these to harmonise with the operating con- 
ditions of the railway in question, with per- 
fect adaptation to the functioning of the 
other signalling installations. In addition, 
first and maintenance costs, the possibilities 
of mass production, etc., all play an impor- 
tant part. 

One essential quality is security of func- 
tioning, which is closely linked up amongst 
other things, with the question of the use 
of moving parts, in particular parts likely 
to suffer wear, which modern safety tech- 
nique avoids as much as possible. Likewise, 
details with heated cathode (electronic tubes, 
thyratrons, etc.) are undesirable. The im- 
portant circuits must be so designed that if 
anything goes wrong or a short circuit 
occurs, the operating will not be endanger- 
ed in any way, and it must be easy to dis- 
cover when anything has gone wrong, or 
this can be signalled by some special device. 
The installation must be protected from 
vibrations and harmful atmospheric condi- 
tions (wide temperature variations, damp, 
etc.) must be limited as far as_ possible. 
However, it is not unusual for a compromise 
to be agreed in reaching a solution. 

Although there is a whole series of sys- 
tems of periodic traffic control, the tech- 
nique of signalling has not yet had the last 
word, and all new knowledge in the field 
of electrotechnique which can be made use 
of for designing traffic control installations 
will assist the future efforts of technicians. 

The Czechoslovakian invention known as 
« indicator sensitive to variations in the 
exterior magnetic fields », for example, has 
led to a new conception of systems of perio- 
dic traffic control, which has not yet found 
its equivalent. The transmission of the in- 
formation from the track to the train works 
well under the influence of continuous 
magnetic fields as in other systems, but use 
is made as receiver on the locomotive of a 
static indicator of variations in the magne- 
tic fields, which forms the base of the afore- 
mentioned patent. 
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All subsequent improvements are also 
protected by Czechoslovakian patents. The 
results of 10 years work of perfecting the 
indicators show. that this apparatus will 
become an important element in the field 
of mechanisation and automation, but even 
more so in protecting the running of the 
trains. 

This indicator was the subject of a report 
given by the author to the First Congress 
of Czechoslovakian Physicists at Prague, in 


™ 


Jp (HMK) 


Fig. 1, 


1957, and is well known in_ professional 
circles as a result of several articles which 
have appeared in the technical and daily 
press. For the sake of completeness, we will 
give once again briefly the principle applied. 

The indicator is essentially a special trans- 
former with a magnetic circuit of unequal 
section constituted in part or in totality of 
a ferromagnetic material which is easily 
saturated (alloys having high permeability). 
The primary winding, connected to the D.C. 
source, is generally not arranged coaxially 
with the secondary winding. The latter 
usually consists of 2 coils, coupled in series 
and fitted on the part in permeable alloy 
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of the reduced diameter core. The current 
passing through the primary coil sets up an 
alternating flux closed by the appropriate 
saturated part of the magnetic circuit as 
well as by the air, in the form of the leakage 
flux. 

By selecting a regulating current of a 
value such that saturation is pushed beyond 
the bend of the curve of magnetic induction, 
the variation in the time of the magnetic 
flux has approximately the form of a tra- 
peze, and the secondary voltage has a rate 
in the form of a surge, seeing that its curve 
represciits the derivation of the magnetic 
flux @. 


Fig. | shows the formation of the pointed 
curve of voltage when the magnetomotor 
force (MMk) has a sinusoidal pattern, under 
the hypothesis that the hysteresis is ignored 
(the hysteresis loop is infinitely narrow). 
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An analysis of the curve of the voltage 
shows that odd harmonics are produced, in 
yarticular of the third order. At the audible 
Se pane which are used for the excita- 
tion, the variation in the outlet voltage al- 
ready approaches the sinusoidal form. 

Under the action of the exterior magnetic 
field on the system in question, this outlet 
voltage is reduced. ‘This fact may be ex- 
plained more or less by the differential per- 
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meability, which is defined by the relation 


- =—_ = d “9 - 
bre = Tp applying in the case of asy 
metrical alternating magnetic induction in 
the presence of a presaturating continuous 
magnetic field. 

It is known that in the case of an ideal 
material, wyey attains its maximum for an 
intensity of the magnetic field of # = 0 
and then diminishes rapidly as f increases. 
With any actual material (for example an 
alloy of P with 48 % Ni) uw reaches its 
maximum at low values of #W owing to the 
curvature of the magnetic induction curve 
B= f(H), however the lowering of the 
permeability is equally important in this 
case (fig. 2). When yw diminishes, the coef- 
ficient of flux linking between the primary 
winding and the secondary winding is also 
reduced, which can be demonstrated by 
mathematical or graphical means. 


The drop in the outlet voltage can be 
caused by bringing up a magnet or exterior 
electro-magnet to any pole, and it is then 
possible to use the neutral indicator modi- 
fied in this way in different forms of appli- 
cation. It is, however, often useful to make 
the outlet voltage increase by a modifica- 
tion of the exterior magnetic field. This 
can be done by placing in the immediate 
vicinity of the indicator one or more per- 
manent auxiliary magnets. Their effect is 
compensated, or reinforced by the exterior 
magnet, which increases or reduces the out- 
let voltage according to whether its polarity 
is identical with or opposed to that of the 
auxiliary magnets. 

Whilst indicators of this type could not, 
to begin with, develop ‘more than a very 
feeble power at their terminals, it was sub- 
sequently found possible, thanks to a sui- 
table design as well as to improvements and 
additions, to obtain a power several times 
greater, which in the case of certain appli- 
cations made it possible to make the power 
indicator function directly in combination 
with the relay without having to use a 
thyratron or electronic amplifier or some 
such similar device. 

Another fundamental modification was 
the introduction of a reactance, which led to 
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the making of static rocking indicators. ‘These 
work like selector switches, controlled from 
a distance of several decimeters by a magne- 
tic field without any material intermediary 
and consequently without any parts likely 
to become worn (armatures, springs, con- 
tacts) as well as without electronic vacuum 
tubes, thyratron tubes, etc. 

The constitution of the transformers and 
the low power needed makes it possible to 
seal the indicators in suitable boxes by 
means of some run in material after air 
drying. In this way, sufficient resistance to 
humidity and the harmful effects of any 
chemically active surrounding is obtained. 
They are inexplosible, and require very little 
energy or space. One precious quality of 
such apparatus is its resistance to vibrations 
and the practically endless useful life. 

Their use in installations for periodic 
traffic control in the form of selector 
switches controlled by a magnetic field is 
particularly useful because they allow of an 
assembly which functions in the direction 
of increased safety. When the main relay 
working in conjunction with the indicator 
cuts out during working, an indication is 
given. 

In this case, the condition of safety is com- 
plied with just as much in the case of an 
interruption or short circuit in the winding 
as in the case of a breakdown in the current, 
seeing that all these upsets lead to the fall 
of the armature of the main relay, which 
assures the necessary safety. Indicators of 
this type can signal any given physical phe- 
nomena, which can be linked up with a 
modification of the intensity of a magnetic 
field. Under laboratory conditions, sen- 
sitivity in the case of variations in the 
exterior field exceeds 10-3 A/an. However, 
owing to the possibility of the appearance 
of fortuitous disturbing fields, this sensitivity 
is far from being completely utilised for 
the needs of safety technique. 


3. The 4 indication periodic — traffic 
control system invented by the Trans- 
port Research Institute. 


This system of traffic control is based on 
a combination of magnetic fields set up all 
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along the track by means of 2 electro- 
magnets in concordance with the signal, 
acting by means of this combination on 
the 2 static indicators, mounted on the 
lower part of the train equipment, by modi- 
fications in the magnetic fields. 

In addition to the electro-magnets men- 
tioned, 2 permanent magnets are also instal- 
led at each information point on the line. 

These 2 permanent magnets always play 
a part in the transmission of the signal indi- 
cation, in conjunction with one or two 
electro-magnets, the latter being connected 
by a cable with 3 conductors. 

On the train, high power static outlet 
indicators are fitted which act in conjunction 
with the main relay as will be explained 
in greater detail further on. 

The whole installation includes apparatus 
installed on the track or in the appropriate 
signal box, and the parts fitted on the train. 
The distribution of the signal repeating 
points and the method of functioning of 
the installation were designed in collabora- 
tion with Traffic Department specialists on 
the following basis : 

At the first signal. the driver gets a brief 
acoustic warning which draws his attention 
to the coming distant signal. The actual 
indication of the signal, which is identical 
with that shown by the signal itself, is first 
of all transmitted to him at the information 
point immediately behind the distant signal. 
It is repeated again at one third of the 
distance between the distant signal and the 
home signal and also at some 100 m before 
this latter. 

The track magnets, as well as the electro- 
magnets fastened to the sleepers, have the 
same aspect: these are prisms bedded down 
with chamfered frontal facets to avoid them 
being damaged by light objects which may 
chance to be outside the vehicle gauge. 

The permanent magnets of cylindrical 
form (usually 2 in number) with common 
pole shoe, and protected by a duralumin 
cover are made of special « Alnico » steel, 
or else ferrite magnets are used containing 
baryum, which are noted for their great 
stability. The electro-magnets also have 
cylindrical cores and the same polar parts as 
the permanent magnets. The consumption 
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of electricity is about 15 W per electro- 
magnet. 

Each information point has apart from the 
2 permanent magnets, 2 self contained elec- 
tromagnets which are supplied by a three- 
wire cable by the contacts of the correspon- 
ding signal box levers with D.C. current 
from a battery of accumulators constantly 
plugged in. 

At the information point before the dis- 
tant signal, the electro-magnets are replaced 
by 2 permanent magnets. 

The equipment fitted on the locomotive 
consists of the following 3 main parts : 

a) the receiver system, Czechoslovakian 
patent No. 90494, consisting of static power 
indicators sensitive to the magnetic fields; 


b) the relays system, with the signal light 
aspects repeater, acoustic warning, vigilance 
button, pressure switch and electro-magnetic 
brake valve; 


c) the three phase 500 cycles generator for 
the excitation of the indicators. 

The whole installation is supplied either 
by the battery of accumulators of the train, 
or directly from some such source of current 
as a turbo-dynamo. 

We will give a general description of the 
working of the installation on the locomo- 
tive. When the signal aspect « green » (line 
clear) or « yellow » (caution) is transmitted, 
the electric klaxon is sounded briefly (about 
1/2 sec.) whilst in the case of transmission 
of the aspects « yellow-yellow » (branching) 
or « red » (stop), it sounds continuously 
until the driver presses the vigilance button. 
He must however do this within 6 seconds, 
or else the compressed air brake valve will 
open and the train will stop. 

If the button is pressed in time, the white 
re-setting light lights up and the driver con- 
tinues to drive the train as usual, i.e. he 
brakes or stops the train in the usual way. 
The installation is then able to receive a 
new signal at the following information 
point. ; 

For the reception of a « green » signal 
aspect (line clear), the intervention of two 
indicators is necessary. Before another 
aspect can be transmitted, the previous one 
is automactically cancelled by 2 track 


496 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


magnets which, as a safety measure, trans- 
form each preceeding indication into 
«stop », this being afterwards changed to 
the appropriate signal indication from the 
combination of the fields formed by the 
track electro-magnets as a function of the 
true position of the signal. 
The breaking or short-circuiting of the 
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reaction (corresponding rectifiers Gs, G;) and 
the double smoothing coil D. In one of the 
2 D.C. windings is inserted the magnetic 
induction of the stabilizer which compen- 
sates the fluctuations in voltage of the cur- 
rent supply by + 20 %, as a non-linear ele- 
ment of the blocking cell Gs. The relay Rs 
has the purpose of detecting any fault 


Fig, 3. — Diagram of the traffic control device 
with 4 indications. 


main circuits of the installation leads to the 
appearance of a more restrictive signal aspect 
(for example, instead of « green », « yellow » 
and instead of « double yellow » « red »), 

The primary windings of the 2 indica- 
tors 1, and 1, (fig. 8) are supplied with 
500 cycles A.C. at a tension of 16 V by the 
motor-generator group M-G through the in- 
termediary of the magnetic transductor sta- 
bilisor ST, which functions with internal 


due to the cutting of this circuit, signalling 


this by means of the incandescent lamp 
SG. 


The outlet voltage of the inductors L, kL, 
which is rectified by the rectifiers G; and G:, 
is sent directly into the exciter coils of the 
main polarised relays Re: and Re, which 
work according to the principle explained in 
the patent papers PV 1813-56. 

The idea is based on the appropriate user 
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of 3 states of electric tension of the indica- 
tors. ‘hese are fitted with compensating 
magnets and give at the outlet a nominal 
voltage corresponding to the influence of 
this invariable field if there is no other out- 
side field. 

When the system is subjected to the in- 
fluence of an outside magnet, whose polar- 
ity is such that it reinforces the action of 
the auxiliary magnet, the outlet voltage is 
reduced. If the exterior field acts in the 
opposite direction, the voltage increases. 
The polarised relays Re: and R: are re- 
gulated in such away that at the nominal 
voltage (the indicator not being under the 
influence of the exterior field), owing to the 
small air gap, their armatures remain in the 
position to which they were previously put, 
for example they remain attracted. 

If the nominal voltage diminishes under 
the influence of the exterior field, the relay 
armatures fall and remain in that position 
even when the influence of the exterior 
magnet has disappeared (the magnet being 
further off), because the nominal voltage is 
not sufficient to reattract them. It is only 
when, under the effect of the exterior field 
acting in the opposite direction, the voltage 
to the indicator increases, that the armatures 
are attracted and remain once again attract- 
ed to the nominal voltage. 

The attraction of the armatures of the 
2 main relays controls the presentation of 
the most important signal aspect « green », 
whereas if they fall, the aspect « red » is 
shown. If the first armature has fallen, but 
the second remains attracted, or vice versa, 
we get the aspects « yellow » or « double 
yellow » respectively. If, owing to a break- 
down in the supply to the indicators, the 
armatures fall, or if anything goes wrong 
with their windings due to a short-circuit or 
cutting out of the excitation conductors, this 
will always lead to the appearance of a more 
restrictive signal indication. 

The other relays are auxiliary relays 
which, according to the signal aspect trans- 
mitted, work the klaxon, the lights of the 
signal repeater, as well as the brake valve 
circuit, and make it possible to put the in- 
stallation out of circuit when the driver has 
pressed the vigilance button within the 
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6 seconds following the acoustic warning 
given by the klaxon as a function of the 
modification of the signal aspect. This part 
of the installation is the same as in other 
traffic control systems, and we will not des- 
cribe it in detail. 

Four-aspect periodic traffic control facil- 
itates and completes the work of the driver, 
as safety of working is thereby assured should 
anything go wrong with the driver; in addi- 
tion, it improves the economics of driving 
in the sense explained below. 

The warning signal which, on a line 
which is not equipped with traffic control, 
tells the driver he is approaching the distant 
signal, forces him to reduce his speed pre- 
maturely, because as a rule the signal aspect 
is still not clearly visible when passing the 
distant signal. For example, if the signal is 
showing the indication « entry on to a 
branch line », it is not necessary to stop, and 
the speed need not be reduced as much as 
for the signal « stop ». As the traffic con- 
trol installation shows the aspect of the main 
signal in the driver’s cab as soon as the dis- 
tant is reached, this drawback is eliminated. 
In the same way, if the signal changes from 
stop to line clear, and if this change takes 
place before the second information point, 
the driver is warned in time, so that he has 
not got to reduce his power by braking, 
which always involves a loss of power, nor 
will he increase the journey time by any 
unnecessary slowing down. 


4. Simplified periodic traffic control 
system of the Transport Research 
Institute. 


The economic estimates showed that the 
cost involved in the cables for supplying 
the track magnets was an important item in 
the overall costs in the case of the above 
system. Phis drawback is common to all 
systems which make use of active compo- 
nents on the track. In 1958, therefore, an 
endeavour was made to perfect a simplified 
periodic control system. This no longer 
transmits the different signal aspects, but 
calls the driver’s attention by optical and 
acoustic signals to important situations on 
the line. This system also controls the 
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vigilance of the driver, as in the 4 indica- 
tion system. 

The parts fitted on the track are passive 
elements, permanent magnets housed in sut- 
table boxes fitted to the sleepers, so that 
nearly all the cables, current supplies and 
switching devices acting as a function of the 
signal aspect become superfluous. 
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box according to the direction of running, 
and which include a « supply » part and a 
« relay » part. ; 

In the control box is the main switch, the 
fuses, the direction changeover switch, the 
cutouts for the guard’s key and the meter. 
The other parts, i.e. the vigilance push-but- 
ton, the klaxon, the 2 aspect signal repeater 


Fig. 4. — Diagram of the simplified discontinuous 
control device. 


The actual transmission of the warning 
signal on the line to the train takes place 
essentially in the same way as with the con- 
trol system described above, but in the new 
installation a whole series of improvements 
has been introduced. 

For example, static reactance indicators 
have been used, and the rotary current con- 
vertor has been replaced by a transistor un- 
dulator. “Che general arrangement was dic- 
tated by the need to simplify the 4 indica- 
tion periodic control of the traffic. The 
receiver element of the locomotive equip- 
ment consists of 2 static indicators which 
can be connected separately to the control 


(white light for working and yellow light 
for warning) as well as the electromagnetic 
valve connected to the pipe of the conti- 
nuous brake and the pressure switch are 
fitted at suitable points. 

An essential part of the receiver is, once 
again, the static indicator sensitive to va- 
riations in the magnetic fields. Its design 
is based on the Czechoslovakian patent 
No. 83037, as well as the more recent patents 
98404 and 91221. 

It is in principle a rocking power indi- 
cator of the variation of the magnetic fields, 
including the reactance and a compensation 
magnet. The choice of a suitable ratio 
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between the number of turns of the winding 
and the corresponding dimensions of the 
core which is made of high permeability 
alloy, as well as that of the compensation 
magnet allow the receiver to rock. This is 
shown externally in the form of 2 stable 
electrical conditions to which the system can 
be brought under the effect of the exterior 
field, each of these states being character- 
ised by the direction of the exterior field. 
The indicator is excited by 2000 Hz A.C.; at 
the outlet the voltage is still A.C., but for 
the reaction, D.C. is necessary. 

The transistors T; and T- (fig. 4) work as 
a double action generator in coupling with 
transmitter in neutral. They are supplied 
with D.C. from a turbo-generator group or 
by an accumulator. The collectors of the 
two transistors supply A.C. to windings 4, 5 
and 6 of the transformer Tr. The win- 
dings 1, 2 and 3 allow the reaction on the 
bases of the transistors. The exciter coil A 
of the indicator | is connected to the outlet 
winding of the transformer Tr:. 

The secondary winding B is connected to 
the transmitter of another transistor Ts, 
which works as a low frequency amplifier 
with transmitter in neutral. This amplifica- 
tion gives, with the assembly in question, 
sufficient reaction at the receiver, so that 
the rocking is obtained. The outlet of the 
amplifier is designed like a transformer out- 
let and the secondary winding of the outlet 
transformer supplies, through the diodes G: 
and G:» the relays Re and the reaction win- 
ding C of the indicator I. 

When at rest, the receiver is in the 
through position, so that the outlet win- 
ding B gives sufficient power for the tran- 
sistor and consequently also for the reaction. 
Current circulates through the coil of the 
relay Re, so that its armature is attracted. 
When the indicator is affected by the mag- 
netic field of suitable polarity of the track 
magnet, its outlet power is reduced for a 
short time, which is sufficient to make it 
rock into its second position, the blocking 
position. The outlet power of the receiver 
is then reduced and is no longer sufficient 
to excite the transistor Ts, and as the current 
in the reaction winding and in the relay Re 
diminishes, the armature of this latter falls. 
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As can be seen, the outside magnetic field 
supplies the impulse to detune the reactance, 
so that the time constant of the relay Re is 
not of capital importance. Rocking in the 
through position takes place when the vigil- 
ance push button is pressed at the right 
time (this is not shown in the diagram), 
which for an instant sends current from the 
source of supply into the winding C of the 
receiver as well as into the relay Re, which 
attracts. In this way the installation is reset. 

If the driver does not press the button 
within 6 seconds, the electro-magnetic valve 
opens the continuous brake pipe, thus 
causing the train to stop. If the button is 
pressed too late, the white light for resetting 
the installation appears, the acoustic warn- 
ing is cut, but automatic braking can no 
longer be prevented. 

The preliminary condition for the closing 
of the brake pipe for restarting is the attrac- 
tion of the relay the coil of which is in the 
circuit of the pressure cutout, meter and key 
operated cutout. Automatic braking are 
all recorded, the O.K. and direct interven- 
tion of the guard being necessary, as he 
resets the installation, by means of his key 
after the train has been braked. We will not 
describe the auxiliary circuits, which we feel 
are well known. 

An important advantage of the simplified 
traffic control system is the multiplicity of 
cases in which it can be used, as such an 
installation can be coupled up with any 
protective installation, the safety of which 
it will effectively increase by very simple 
means. The track magnet is fitted at the 
place where the warning should be given 
to the train, for example 75 m before the 
distant signal. Warning of any special 
signals, for example an order to slow down 
on account of work on the line, can be given 
by means ofa portable magnet. 


5. Conclusions and perspectives. 


The periodic traffic control systems of the 
Transport Research Institute of the Czecho- 
slovakian Railways, which have been briefly 
described above, are undoubtedly a contri- 
bution to the technical development of such 
important equipment for railway transport. 
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The method of transmission used in these 
installations is a new one and advantageous 
from the point of view of safety because the 
lower limit of the speed of reception of the 
impulses can be taken right down to zero 
and it is possible to install a safety arrange- 
ment which, should anything go wrong elec- 
trically, such as a short circuit or cut in the 
supply, ensures that there is no danger to 
the safety. 


The indicator has been considerably im- 
proved whilst the equipment was being per- 
fected, seeing that the outlet power has 
successfully been considerably increased so 
that the installations can function without 
electronic tubes (for example, the 4 indica- 
tion control system of the ‘Transport Re- 
search Institute). The use of semi-con- 
ductors has made it possible to construct a 
rocking circuit, and consequently to replace 
the highly sensitive main relay by an or- 
dinary relay of robust design. ‘The transis- 
tors have also contributed to solving the 
problem of a source of A.C. supply on the 
train, necessary for the excitation of the 
indicators. 


These installations of the Research In- 
stitute, as well as several others which are 
still in the laboratory stage, form an impor- 
tant contribution to the general design 
(arrangement and method of functioning of 
the different parts) of traffic control equip- 
ment, especially as regards the realisation of 
a better and more convenient method of 
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controlling the vigilance of the driver than 
the method generally used of working a 
push-button. The Transport Research In- 
stitute has in view installations which will 
enable the driver to confirm by some natural 
gesture the reception of the signal aspect or 
the warning transmitted (without any cor- 
poral contact) which he would naturally do, 
for example leaning over to look out of the 
window at the line at the critical moment, 
i.e. when approaching the signal and when 
his attention is drawn to the fact by the 
optical or acoustical devices of the traffic 
control equipment. 

The perfecting of the installations descri- 
bed for the periodic control of the traffic 
by the Transport Research Institute, and 
in particular the method of transmission of 
the information from the line to the train 
has been used in projects for other safety 
installations, both in the case of railway 
transport — for example the automatic an- 
nouncing of the end of the train (tail signal), 
working the points from the locomotive in 
motion (mining and ironworks lines) — and 
in the case of road traffic where to date 
technical safety installations have been very 
rare. For example it is a question of instal- 
lations indicating the parking of road vehi- 
cles, and a method of automatic control 
without contact of light signals by the road 
vehicle whilst running at cross roads or in 
one way streets. In addition, the indicator 
itself has numerous uses in general electro- 
technics. 


[ 625 .25 ] 


Railway brake. 


Possibilities of increasing its power and their 
consequential effects, 


by Ernst MOLLER, Munich. 


(From a Lecture given at the Institute of Public Lectures of the Technical University 
of Berlin, on the 24th November 1959.) 


(Glasers Annalen, No. 8, August 1960.) 


1. The rail. 
The part it plays in transport. 


As a result of the economic conjuncture, 
the alternative « rail or road » has turned, 
almost unnoticed, into the solution « rail 
and road But an economic revival may 
result in saturation of all the different me- 
thods of transport to such an extent that 
the capacity limits of the partners become 
apparent and one has to turn his thoughts 
to the possibilities of each of them. 


The increase in the density of population 
— not only in the industrialised countries 
— and the ever increasing well-being of the 
individual as a result of the penetration of 
technical progress into all forms of life, fol- 
low, in spite of occasional fluctuations, an 
evolution at practically a logarithmic rate 
which the weak-hearted can easily come to 
think of as an unhealthy phenomenon : 
this general law also applies to the develop- 
ment of transport. 


1.1. Road, rail, air transport. 


At the present time, it is seen that the 
individual vehicle, the motorcar, is experien- 
cing ever greater difficulties, not only at 
the peak points of traffic congestion, but in 
ever widening zones, because the roads are 
becoming too narrow, although the flexibi- 
lity of each vehicle is constantly being im- 
proved by increasing its powers of accelera- 
tion, due to the perfecting of the engines, 


and its power of deceleration by its brakes. 
Attempts are being made to guide this evo- 
lution, which tends to be a somewhat nega- 
tive one, by limiting private initiative and 
by measures applicable to the collectivity. 
The signals, the traffic signs, one way traffic, 
have become obligatory; slow and fast vehi- 
cles of necessity form into slow and _ fast 
columns of traffic on the right and left sides 
of the road, often simply because they have 
become resigned to it. But even with such 
collective formations, the unrepentent indi- 
vidualist, whether he goes too fast, or too 
slow, or as he thinks fit, is a disturbing 
factor. For many years, the average speeds 
have in fact tended to decline, in spite of 
the improvements made to the vehicles. 


It is interesting to observe that above a 
certain traffic density, with inadequate 
roads, road transport has had to have re- 
course to collective measures, such as have 
been the practice on the railway right from 
the start, which have been studied and per- 
fected to such an extent that it is possible 
to claim that railway transport is an ideal 
form of collective transport under central 
management ; grouping according to kind of 
traffic, ideal route protected by signals, 
assured by the wheel flanges, smoothness 
and independence of atmospheric conditions 
and other outside influences, central control 
to the nearest minute with timetables valid 
for six months. If the vehicule and the 
passenger are rigidly controlled within this 
scheme, the railway on the other hand ma- 
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kes it up to the latter by allowing him the 
greatest personal liberty on the vehicle it- 
self: he is able to walk about, read, take 
meals, take his luggage with him, including 
his car; the railway remaining responsible 


for the journey. Here, once more the 
passenger becomes an individual. 
The transport difficulties experienced 


owing to the limited possibilities of the road 
can be paralleled in the case of air transport. 
The ultra-rapid airplanes have already given 
up the domains assigned to them. Aircraft 
with a speed of only 300 km/h are, so to 
speak, already out of fashion. In the case 
of faster aircraft, the continents themselves 
have become too small. The airports, the 
flight routes and the landing tracks are 
still in most cases adequate for the present 
air traffic, although it is expected that by 
1960 there will be some 5 000 aircraft in use 
throughout the world. The development 
of civil aviation is making the position still 
more difficult. In this field, we are going 
to come up against the same troubles as on 
the roads, taking furthermore into account 
that air ports and air routes need a great 
deal more space than road and railway. 


1.2. The possibilities of the railway. 


Although the road haulier needs help and 
is always clamouring for new roads and a 
greater number of highways, and is trying 
to solve the problems of circulating and 
parking in working areas and built up areas, 
it is as well as to ask ourselves whether there 
are not any unused reserves on the railway 
from the point of view of the speed, train 
loads, train lengths and the density of the 
traffic. ; 

The French showed not so very long ago 
that it is possible to run on an ordinary line 
with the usual type of catenary at speeds 
of 330 km/h, but they could not risk ap- 
plying their brakes until the speed had fal- 
len to 200 km/h. Express trains abont 
500 m long reach peak speeds of 140. to 
150 km/h. On the other hand, goods trains 
with a load of 3000 t and about 1000 m 
long are now being run in Europe; in Ame- 
rica the loads are as much as 8000 and 
10000 t and the train lengths more than 
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2000 m. The installations stand up to such 
stresses with axle loads of 20 t and over, 
as well as these high speeds. The lines are 
constantly being improved by the use of long 
welded rails without joints laid on concrete 
sleepers. The systems of signalling and 
automatic interlocking are constantly in- 
creasing the safety and flow of the traffic. 
Moreover, there is no question but that it 
is possible to build locomotives which will 
surpass the present performances as regards 
tractive effort, speed, and acceleration, so 
as to profit by these new possibilities. Apart 
from questions of financial output and the 
problems of getting out the timetables and 
the layout of the lines, railway transport 
from the pure traction point of view still has 
very interesting possibilities. But what will 
the idea of financial output come to mean 
in the technical studies of the future ? What 
was in the past and what is today the « fi- 
nancial output » of motor transport, jet air- 
craft or atomic centres? As far as technique 
is concerned, financial output is only a tem- 
porary and relative idea. 


2. Limits of brake power. 


In these considerations concerning the 
evolution of railway transport, the brake 
plays a special key role, because the admis- 
sible speeds are based on the safety intervals 
between the home and distant signals and 
consequently depend on the effectiveness 
of the brakes. 

The more effective the brake, the greater 
the running speed allowable. The better the 
brake works, the more it can be regulated, 
the shorter the necessary intervals between 
trains. This fact becomes the more apparent 
the longer and heavier the trains are. 

The usual siting of the distant signal at 
1000 m in Europe therefore represents the 
maximum braking distance admissible. This 
spacing can only be increased to a limited 
extent because the distance of visibility then 
comes into the picture. It would no doubt 
be possible to replace optical vision by elec- 
tronics and this no doubt will be done, but 
what would be the point if in Europe with 
its dense population, where the towns tend 
to grow into large urban regions — we have 
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only to think of the Ruhr — the stations 
to be protected become too close to each 
other. 

The problems of the brake remain, and 
in principle they are two: the assured 
transformation of the kinetic energy of the 
moving train into heat in braking to a stop 
from still higher speeds or during prolonged 
braking on down gradients, and the uniform 
and exact control of these « energy conver- 
sion machines » especially on long, heavy 
trains. 

We know that in fast braking, the stop- 
ping distance is the shorter the greater the 
deceleration caused by the brake, and that 
the deceleration can be the greater the better 
the coefficient of adhesion between wheel 
and rail. But the decelerating efforts 
applied to the wheel must never become 
higher than the adhesion between the wheel 
and the rail allows or else the wheels will 
begin to slide. The coefficient of slip which 
then occurs is lower than the coefficient of 
adhesion, the more so the higher the speed 
at which the jammed wheel slides on the 
rail. In practice, there is no need to make 
use of the whole of the coefficient of adhe- 
sion in the case of goods trains and slow 
passenger trains. The problems of adhesion 
only arise in the case of fast trains and rail- 
cars, but in this field they are of decisive 
importance. 


2.1. Braking speeds and distances. 


Figure 1 represents by a system of rec- 
tangular coordinates the distances as a func- 
tion of the speeds for a group of curves cal- 
culated for decelerations of 0.4 to 3 m/s*. 
Amongst these, the heavy lines represent the 
curves of the braking distances used at the 
present time on the railway for goods trains, 
passenger trains, express trains, the Trans- 
Europ-Express (TEE) and a special railcar. 
All these types of trains are fitted with an 
up-to-date KE (Knorr-Einheitsbremse : stan- 
dard Knorr brake) compressed air brake, 
according to their importance: the goods 
trains and passenger trains, a low power 
brake (KE-GP) because they do not run at 
very high speeds, and the others with more 
powerful brakes (KE-GPR) which make use 
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of practically all the adhesion between wheel 
and rail. In the case of the TEE rake and 
special railcar, we have also shown the cur- 
ves for braking reinforced by magnetic bra- 
kes acting on the rails which give additional 
deceleration by friction on the rails inde- 
pendently of the wheels. The range of 
speeds has therefore been studied ap to 
some 160 km/h. 


2.2. Theoretical considerations. 


To get some idea, at least theoretically, of 
the situation at high speeds, the measured 
curves have been extended by dotted lines, 
owing to their excellent concordance with 
the form of the theoretical deceleration cur- 
ves. It is then seen that with a distance of 
1000 m for the distant signal, allowing for 
a margin of 10 % (braking distance 900 m) 
the goods trains could already at the present 
time run at 100 km/h, the passenger trains 
at 130 km/h, the express trains and TEE 
trains at some 150 km/h, and if they are 
also fitted with magnetic brakes, at about 
160 km/h. The magnetic brakes used on 
the TEE can in fact be used just as they 
are on the fast trains. But the electro-ma- 
gnets could be further improved in their 
action, as for example on the « VT-Colo- 
gene » railcar, so that it is possible to 
think of decelerations of some 2 m/s? even 
in the case of express trains, and conse- 
quently speeds of more than 200 km/h. It 
would appear therefore that the brakes are 
adequate, especially when we remember the 
reserve power in hand in the case of an 
increased warning distance of 1200 or 
1500 m. 


2.3. Experiences at high speeds. 


Such is the theory, but how does the con- 
version of energy into heat really take place 
in the field of the idealised extension in 
dotted lines of the measured curves ? 

There is no difficulty in providing the ne- 
cessary braking efforts with the compressed 
air railway brake. ‘This is a brake with an 
accumulative effect, which can have practi- 
cally as great an air supply on each wagon 
as desired, with which the desired braking 
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effort can be obtained by a careful choice 
of the dimensions of the brake cylinder and 
the ratio of the rigging. On the other hand. 
it may be asked whether the methods gene- 
rally made use of to destroy the kinetic ener- 
gy by the friction of the shoes on the tyres 
or the brake blocks on special discs can still 
be used at such high speeds. 
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OF ‘a - 
25. Braking lo a stop. 


The power in HP which the brakes of an 
axle have to stand during braking to a stop 
is a function of the axle load, the decelera- 
tion and the speed. Figure 3 shows what 
happens in the case of 10 and 20 t axle 
loads, i.e. in the case of fast passenger 


Fig. 2. — Test bench with revolving masses for studying 


brakes acting on the wheel, and disc brakes. 
speed: 300 


running 
1.9 . 10° kgm. 


mum 
energy : 


2.4. The test bench. 


The test bench with turning masses used 
for the investigation (fig. 2) has several 
groups of subdivided masses with which 
72 different combinations are possible up 
to 1.9 . 10° kgm of kinetic energy for a run- 
ning speed of 300 km/h related to a rail- 
way wheel of about 1 000 mm diameter. Real 
wheels can be fitted at the end or dics inside 
the Progny brake. The temperatures can 
be measured during braking at numerous 
places in the fixed and turning parts, and 
recorded at the same time as the braking el- 
forts, the braking moments, the speeds of ro- 
tation and the braking distances. ‘The aver- 
age temperature at several points of measu- 
rement is taken, because during braking the 
maximum peak temperatures near the sur- 
face vary and are easily displaced. 
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km/h; maximum kinetic 


coaches and slower wagons or heavy motor 
units. Iwo decelerations have been stu- 
died : 1 m/s? which is just possible on good 
rails without having to make use of an 
anti-skid regulator, and 1.3 m/s? which can 
only be obtained with perfect anti-skid regu- 
lators. [he iwaximum values in HP are 
extremely high at the moment of maximum 
speed, but they decrease right down to zero 
with the speed. ‘These powers must be con- 
verted into heat by the brake with the least 
possible weai. 

Figure 4 shows the variation in the tem- 
perature in the case of braking without slip 
at 150, 200 and 250 km/h 3 mm below the 
surface of friction of the wheel in the case 
of a standard wheel of about 1 000 mm dia- 
meter with new tyres, on a « small wheel » 
of 600 mm diameter, and finally in the sur- 


face of a brake disc of 640 mm diameter, 
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like those used for standard wheels. The 
curves correspond to an average deceleration 
of 1.2 m/s?, i.e. very close to the limiting 
stress. The figures relating to an axle load 
of 10 t were measured on a test bench; those 
corresponding to 20 t were determined on 
the basis of HASSELGRUBER’S calculations (’) 
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Fig. 3. — Maximum braking power per axle 
during rapid braking as aé_ function of 
the maximum speed for decelerations of 
b = 1.0 and 1.3 m/s? and axle loads of 10 
and 20 t. 
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() HASSELGRUBER: « Zur Berechnung der 
Warmespannungen in der Bremstrommeln fiir 
Kraftfahrzeuge beim Haltbremsvorgang » (The 
calculation of the thermic stresses in brake 
drums on motor vehicles when braking to a 
stop). « ATZ », 54, 1952, No. 2. 

HASSELGRUBER: « Temperaturberechnungen 
fiir mechanische Reibungskupplungen » (Cal- 
culations of temperature for mechanical friction 
couplings). « Vieweg », ed. 1959. 

The case of an unequal flow of the heat, 
in the direction of the brake shoe and of the 
wheel, which occurs here, was studied by a si- 
milar method by Ehlers of the Knorr Brake Co. 
at Munich. 
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which were recognised as being of sufficient 
accuracy as they agree very closely with 
measures made on the test bench for 10 t 
(right hand group of curves); the masses of 
the test bench were not great enough for 
20 t 

The criterion of the powers that can be 
supported by disc brakes with synthetic ltn- 
ings and wheel brakes with synthetic brake 
blocks is the superficial temperature which 
such materials will stand. At the present 
time these are, according to the quality of 
the line, 360 to 400° for prolonged stresses 
and about 450° for stresses of short duration, 
such as braking to a stop. The 640 mm disc 
brake is still below 400° for an axle Toad 
of 10 t, even when braking at 250 km/h; 
in the case of a 20 t axle load, the danger 
zone is only reached at 200 km. These con- 
sequently will be the limiting speeds. 

The plastic brake blocks acting on the tyre 
which were studied (left hand side group 
of curves) gave less satisfactory results; the 
material used for the blocks had a particu- 
larly low thermic conductivity (without steel 
wool nor any metal addition). Neverthe- 
less, for 10 t the maximum temperature at 
250 km/h is still below 450°; for 20 t and 
from 150 km/h it is only 400°. 

As was expected, the curves for cast iron 
brake shoes which are good conductors of 
heat are much lower. Even the 20 t axle 
only gives a maximum of 500° at 250 km/h. 

Shoes made of synthetic materials will 
behave in the same way if the material has 
more or less similar coefficients of penetra- 
tion of the heat, such as for example shoes 
made of calcined materials. 

If corresponding calculations are made for 
a «small » (*) wheel of 600 mm (centre group 
of curves) it will be seen that the 10 t axle 


() According to the researches of PRELLER 
and EHLERS, see BopEyY: « Uber die Belastbar- 
keit von klotzgebremsten kleinen Eisenbahn- 
radern mit aufgeschrumpften Radreifen » (On 
the admissible load on small wheels with pres- 
sed on tyres braked by means of brake blocks). 
« Z, Leichtbau d. Verk. Fahrz. », 8, 1959, 
No. 6. The admissible braking load for a 
600 mm diameter wheel is about 60 % of that 
of a standard 1000 mm wheel. 
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braked by cast iron shoes only has a tempe- 
rature of 400° when braked to a stop from 
250 km/h, but the shoe made of synthetic 
materials containing very little iron would 
only be suitable for speeds of up to 175 km/h 
because the temperature limit for this shoe 


are naturally a little higher, because the 
friction surface and volume of accumulation 
of the heat are less. 

But in the case of brake shoes coming 
up against wheels with pressed on tyres, the 
temperature of the surface of the wheel is 


Normalrad (uncbgenutz?) i Kleines Rad Bremsscheibe. 
(600 mm Durchmesser) 


(640 mm Durchmesser) 


3—3- 10 Mp Achsiast (gemessen) 
—— 20Mp ‘ (gerechnet ) —_ ~~ 10 Mp Achslast — (gerechnel) Guikbolz ——+ 10Mp  Achslast —_ (gemessen) 
hy = “ erechnel 
-2-— 10 Mp . (gemessen) } Kunststoff- 3 — 3 10 Mp (gerechne, Kunststoffklotz aoe : Mp ; i see 
gerechnet 6 20M, 
——— 20 Mp a ( ) | klote [p 


s| Fee 


indi kmh Geschwindigkeijt [km/h] 
Geschwindigkeit [ km/h] Geschwindigkeit [km h]} 


7 7 7 « —— 2 & 
Fig. 4. — Variation in the temperature during braking to a stop at b = 1.2 nee and aren 
200 and 250 km/h in railway wheels (measured 3 mm _ below the oe sur ace) Ae in 
brake discs (measured on the friction surface) for axle loads of 10 and 20 t. Wind from 
running not taken into account. 


N. B. — Normalrad = standard wheel. — Hooncaagan ss etn ee tame bela tae 
‘Bre i = i — Durchmesser = diam eae — Wnts -m ; 
ne Soria oars, Oo yel calculated. — Gusskloétze = cast iron blocks. — Kunststoffklétze = syn 
thetic blocks. — Geschwingdigheit — speed. 


is only 450°. For 20 t axles, the small wheel, not the sole criterion of re braking pou 
ich i ing much discussed from the which they can absorb: the loosening o 
am of eee increasing the volume of _ tyres as a result of ie ce a pone 
f i as- ating into them also has to be 
Sag eae merge sold ae ea Peoune In braking to a stop from 
Se a ae f the cies 250 km/h on the test bench with a 10 t axle 
E With pe rs Per temperatures load, this has never been known to occur, 
ri 7 , 
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which means that there is absolutely no risk 
in the case of passenger coaches even al 
250 km/h. According to EHLERS’ calcula- 
tions (*), this risk does not occur even with 
minimum thicknesses of tyres (35 mm) for 
passenger coaches. In the case of 20 t axle 
loads, on the contrary, the thermic stressing 
is twice as great. Here EHLERS’ calculation 
gives approximately the following results : 
with tyres 25 mm thick, the admissible speed 
for braking to a stop at about 1.2 m/s? with 
an application of 1.5 °/o on the tyre is about 
145 km/h, and with an application of 2 °/0 
about 170 km/h. 35 mm thick tyres al- 
low of about 170 km/h with 1.5 °/o and 
195 km/h with 2 °/oo, With new tyres a speed 
of 245 km/h with 1.5 °/e and 295 km/h with 
2 °/o is possible without the tyres becoming 
loosened. The calculations moreover have a 
considerable safety margin, because the fa- 
vourable effects of the volume of the tyre 
under the flange has not been taken into 
account. To facilitate the calculations, the 
tyre has been taken as being a cylinder of 
the width of the brake block. Nor has the 
favourable effect of the wind set up by 
running been taken into account. With 
monoblock wheels, this criterion of the type 
disappears and is replaced by the superticial 
temperature alone. Under certain condi- 
tions, braking to a stop with maximum dece- 
leration from 250 km/h is therefore also 
possible in the case of 20 t axle loads. 

It is easy to determine the moment at 
which the tyre becomes loosened on the test 
bench owing to the fact that increases in the 
temperature on either side of the joint of 
separation begin to diverge (fig. 5) (*). The 
other temperature curves show what hap- 
pens at other measurement points on the 
wheel. 


2.6. Prolonged braking. 


Things are quite different in the case of 
prolonged braking on long, steep gradients 


(*) See footnote on p. 506. 

(*) Bopey : « Uber die Belastbarkeit von 
klotzgebremsten kleinen Eisenbahnradern mit 
aufgeschrumpften Radreifen » (On the admis- 
sible braking effort for small wheels with pres- 
sed on tyres braked by means of brake blocks). 
« Z. Leichtbau d. Verk. Fahrz. », 8, 1959, No. 6. 
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where the braking power is much less but 
acts for a much longer time on the tyres. 
Figure 6 shows the continuous powers for 
10 and 20 t axle loads as a function of the 
constant running speed down gradients of 
25 "/o; this is about the longest down era- 
dient in Europe, about 20 km long, in the 
case of international traffic. The extended 
scale of speeds has been purposely limited in 
this case to 130 km/h because the long down- 
hill runs also have many bends, so that they 
cannot be run over at the same speeds as 
the level lines. 

The critical load point is reached after 
a different braking period at the various 
constant downhill speeds according to the 
axle load, the type of brake (disc or block 
brake) and (in the case of block brake) 
according to the thickness of the tyre, its 
tensile strength and the shrinkage value 
(figure 7). With the standard wheel, with 
a normal shrinkage-allowance (group of 
curves on the left) and a 10 t axle load, the 
critical time at a sustained speed of 130 km/h 
is reached after 17 minutes running, if the 
tyres are 65 mm thick, and after 1] minutes 
if they are only 45 mm thick. Wheels with 
tyres less than 35 mm thick can no longer be 
considered for fast vehicles. With a 20 t 
axle load, the admissible braking time at 
130 km/h falls to 5 minutes (65 mm thick 
tyres). The 640 mm brake disc, the maxi- 
mum dimension used with axles with stan- 
dard wheels (I vehicle gauge) is equivalent 
from the point of view of admissible dura- 
tion of braking to an axle with new tyres 
and is naturally independent of the wear 
of the tyres. 

In each case, when we know the admissi- 
ble braking time, we can determine the cor- 
responding admissible braking times for any 
25 °/o downhill run. For this purpose, we 
have also shown in the graphs of figure 7 
the curves of the running time for down gra- 
dients 20, 15, 10, 5 and 1 km long, the admis- 
sible situations with these lengths of down 
gradients being those lying above the curve 
of the journey times. With a 10 t axle load, 
for example, tyres only 25 mm thick, and 
a down gradient 20 km long, speeds of more 
than 90 km/h would not be admissible. 
Passenger coaches, whose tyres are not less 
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than 45 mm thick, could run at more than 
130 km/h. On the other hand, wagons with 
a 20 t axle load could not run down this 
20 km long gradient except with new tyres 
of 65 mm at a maximum speed of 60 km/h, 
and with worn tyres, at a much lower 
speed. A 10 km long down gradient in the 
case of a 20 t axle load would have a limi- 
ting speed of 80 km with 45 mm thick tyres. 
The corresponding facts for brake discs (dia- 
meter 640 mm) and the « small » 600 mm 
wheel can be obtained in the same way. 
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With this latter a 10 km long down gra- 
dient could only be run down at 100 km/h 
at the maximum with tyres worn to 45 mm 
and an axle load of 10 t. 

It must therefore be concluded that in the 
case of a goods train running down the gra- 
dients in the Alps at more than 60 km/h, 
the tyres must become loosened in the case 
of axle loads of 20 t, even when the tyres are 
new. It is a fact that on these long down 


gradients numerous cases of the tyres becom- 
and there are 


ing loose have been observed, 


Minuten 


—— Klemes Rod 600% 


/ 00- 


— The critical moment in prolonged braking. 


a) Block brakes: loosening of the tyre; 


b) Disc brakes: temperature of disc 400° C. 


Limiting speeds as a function of the length of the down run, Influence of wind 


due to running 


not taken into account. 


N. B. — Normalrad = standard wheel. 
Achslast = 
of the down gradient in km. 


— Bremsscheibe = brake disc. 
axle load. — Bremsscheibe — brake disc. 


a — Kleines Rad = small wheel. — 
— Radreifen = tyre. — Lange... in km = length 
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sure to be many more such cases, because 
many of them tighten up again before the 
train stops and the tyres are checked with 
the hammer. If in practice such « running 
with loose tyres » leads to very few incidents, 
this is probably because the loosened tyre 
rarely gets out of place on the tread, because 
it undergoes an elastic deformation which 
presses it down on the tread at the point 
of contact between the wheel and the rail 
under the action of the load on the wheel, 
as well as under the brake blocks under the 
action of the efforts exerted by these latter, 
and because the braking effort exercised by 
the blocks in the direction of the periphery 
of the tyre is transmitted directly to the rail. 
On the test bench, the situation is quite 
different; the loosened tyre can easily get 
out of place because there is no « rail ». 

The observations made on the test bench 
and the conclusions derived therefrom would 
be quite frightening to the operator were 
there not a whole series of favourable in- 
fluences : 


1) down: gradients of 25 °/o are rare; 

2) only in a few cases are they also of any 
length (Alps, Black Forest, Thuringer 
Wald); 

3) it is rare for the gradient to be uni- 
form throughout: 


4) they are usually sinuous and running 
over them is difficult; 


5) the measures made on the bench have 
been made without any wind due to run- 
ning. 


2.7. Influence of the wind due to running. 


The importance of this influence is seen 
from figure 8 (*), which shows the tempe- 
rature increase as a function of the time in 
a brake disc subjected to heavy stress (dia- 
meter only 460 mm and 33.5 HP !), the tem- 
perature of which at a constant speed of 
50 km/h only rises to 370° with wind and 
eserrss “Seeiyit? Sed du “nee 8 NE 

(*) Taken from the M.S. of EHLERS’ thesis : 
« Die Energieumwandlung bei der Scheiben- 
bremse » (The conversion of the energy in the 
disc brake). 
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600° without wind respectively. The speed 
of the air was produced on the test bench 
by means of a fan. Unfortunately, for aero- 
dynamic reasons, it is precisely on fast vehi- 
cles that the wind due to running is diverted 
by means of petticoats and all sorts of instal- 
lations. It is precisely the opposite of what 
should be done, and the fresh air should 
be allowed to reach the discs and the wheels, 
at least when braking is taking place. Fans 
with which the engines, the transformer and 
diesels are fitted are not allowed in the 
case of the brake which is treated as a poor 
relation. Fresh air conduits which might 
only open during braking, or fans which 
would form very important « safety air con- 
ditioning installations » have often been 
suggested for many years. 


2.8. Accumulative and mixed braking 


Moreover, there are cases which lead to 
still higher thermic stresses than running 


iS Fahrtwind 
3 
S 
oe 
Q 
E 
oe 
~ 
Bremsscheibe $ 460mm 
V= 50 kmjh 
N=33,5 PS 
0 5 10 15 20 25 
Zeit [min| 
Fig. 8. — Rise in the temperature of the disc 


during prolonged braking at constant power 
as a function of the running wind. 


N. B. — Bremsscheibe = brake disc. — 
Zeit — time. — Fahrtwind = running wind. 
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down gradients, for example on metropo- 
litan lines where numerous brakings to a 
stop from high speed follow one another 
very rapidly, so that the brakes do not have 
time to cool sufficiently between whiles, 
Figure 9 corresponds to an 18 t axle load 
with a 640 mm disc per wheel with 20 brak- 
ings to a stop from 120 km/h with a decele- 
ration of 0.7 m/s? during 50 minutes. From 


Bremsscheibe $ 460 
Achslast 18Mp 0 tenph 
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Figure 10 represents an interesting analo- 
gous test on the bench corresponding to a 
faithful imitation of a Swiss tramway line, 
in conjunction with a great difference in 
altitude. 


2.9. Conclusions. 


The above considerations show, however, 
that on the whole the mechanical part of 


Bremsscheibe $ 640 
Achslast Mp 


i 
Lede 
I 


Fig. 9. 


— Variation in the temperature of a brake disc in 
the case of repeated fast brakings at b = 0.7 m/s’. 


Imita- 


tion of a run on the level with stops close together and 
a maximum speed of 120 km/h, 20 brakings in 50 min. 
Influence of wind due to running not taken into account. 


N. B. — Anzahl der Bremsungen = number of brakings. — Brems- 
scheibe = brake disc. — Achslast = axle load. — Anfahren 
= starting up. — Bremsen = braking. — Halten = stop. — 
Fahrdiagramm... = graph of spread out run. 


starting to 120 km/h: 50 s; running at a 
constant speed of 120 km/h: 20 s; braking : 
DORSAStO Deol uss 

This case resembles the service worked by 
the ET 30 electric rail motor coach in the 
fast services in the Ruhr. The temperature 
rapidly accumulates from one braking to 
another, and a disc which is only 460 mm 
in diameter has its capacity exhausted by the 
second braking, whilst a disc of 640 mm 
diameter keeps at a temperature of less 
than 400°, 


the brake, which exhausts the energy, still 
has considerable reserves for an increase in 
the speed, especially in the case of running 
on the level, but also on down gradients, 
provided the speed is fixed not only accord- 
ing to the profile of the line, but also the 
length of the down gradient. But it is cer- 
tain that the 20 t axle of fast motor units 
and locomotives is the most difficult pro- 
blem, if not mitigated in the future by 
adding engine brakes. 

brakes 


As regards the acting on the 
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wheels, the monoblock wheel can do away 
with the problem of the loosening of the 
tyre, substituting for it in the case of the 
running surface the notion of the admissible 
superficial temperature, which, as is known, 
also has its limits due to the tensile strength 
at high temperatures and the modifications 
in structure. 

The brake disc thus becomes one of the 
essential elements in increasing the speed, 
because it lightens the load on the wheels 
as regards braking. 


(kp/mm?) 
50 


Lugfestigkeit 


N 
Ss 


Temperatur 


Fig. 11. — Resistance as a function of the 
temperature of the cast steel alloy and the 
variations in high quality cast iron (R. Mai- 
lander and 4H. Jungbluth, according to 
E. Pirwowarsky: « Cast Iron ». Publisher 
Springer, 1951, fig. 587.) 

N. B. — Zugfestigkeit = resistance to traction. — 
Zugfestigkeit... Stahlguss —= resistance to traction 
of cast steel alloy. — Streckgrenze... = elastic limit 


of cast steel alloy. — Zerreissdauer etwa... = break- 
ing time about 10 min. 


3. Increasing the power of the brake. 
3.1. Improved brake discs. 


The brake disc itself has already under- 
gone an evolution which has increased its 
power. ‘The classic discs of cast steel often. 
showed, after short period of overload, su- 
perficial damage which began as burns and 
led progressively to the formation of micro- 
fissures, deposits of welded metal in the 
form of beads, and wear of the disc and the 
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lining. Such damage was caused by local 
heating in the thin layer in which the con- 
version of the energy takes place under se- 
rious shearing stresses. 

This overheating, due to an uneven dis- 
tribution of the load, might be several hun- 
dred degrees above the temperature measu- 
red by the thermo-electric cell, as is proved 
by the formation of sparks, welding pheno- 
menon, and alterations in structure. But 
with such an increase in the temperature, 
the elastic limit is very considerably reduced 
in these surface elements, and displacements 
of material occur with destruction of the 
texture. Such local temperatures also des- 
troy the temper and the finish of the sur- 
face. In this connection grey iron is much 
more stable, its elastic limit and breaking 
strength are practically identical, and their 
variation as a function of the temperature 
(fig. 11) is so favourable that even GG 26 
cast iron is better than steel at 300°. To 
this high resistance to plastic deformation 
we must add the well known stability of 
cast iron in the face of oxydising and dis- 
oxydising factors and those capable of modi- 
fying the texture, the small length of the 
particles removed by abrasion and_ their 
small propensity to weld together; finally 
the specific heat and consequently the capa- 
city to accumulate heat is higher in the 
case of cast iron than steel in the proportion 
of 0.11 to 0.18/0.19. 

But the classic type of brake disc cannot 
purely and simply be made of cast iron. 
The heat due to braking in the rim of the 
friction surface by flowing through the hub 
could reduce the necessary shrinkage, which 
in the case of cast iron must necessarily be 
much lower than in the case of cast steel. 
But in addition, the differences in tempera- 
ture between the friction rim and the hub 
would give rise to stresses which cast iron 
spokes cannot stand; they would break — 
this has been confirmed by tests — at very 
low braking power. Reinforcing the spokes 
does no good, if only because it prevents the 
internal ventilation of the disc. 

The form shown in fig. 12 is one solution 
in which the hub is made of cast steel and 
the braking rim — in one or several pieces 
— is made of grey iron. These two com- 


SS 
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ponents are connected together by remo- 
vable spokes made of strong, elastic steel 
tube (which can be seen at the top of the 
figure). The braking grey iron rim can 
expand freely over a large number of these 
spokes. The flux of heat in the direction 
of the hub at an increasing temperature is 


free 


with 
Type with 2 piece 


Fig. 12. — Cast iron brake disc 


expansion on steel hub. 
friction rim. Above: tubular spoke with 
elastic shrinkage; below: bolt for assembling 
the two halves of the rim. 


further prevented by a wider gap. The type 
with a rim in several parts makes it possible 
to exchange parts without dismounting the 
wheels and the hub which are keyed on the 
axle. 

The centrifugal forces of the two halves 
are absorbed by the elastic steel tube but 
not by the assembly bolts which simply se- 
cure the two halves together. 

These brake discs keep cooler and they 
can be used at higher powers and show less 
wear. Measurements taken on the test 
bench and over long periods of observation 
in service have shown that the wear is only 
half that of steel discs. With these discs, 
no damage is done if they run red hot for 
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several hours if suitable linings are used, but 
these unfortunately wear rather more ra- 
pidly. Figure 13 shows that with a lining 
whose resistance to the temperature only 
exceeds that of the linings currently used 
at present by about 100°, it is possible 
to get a power of 90 HP per disc. This 
makes it possible only to use one disc per 
axle instead of two in certain cases, as prac- 
tical tests have already shown. 


3.2. Combined brake on tyres and discs. 


With the introduction of « small wheels », 
the space available inside the vehicle loading 
gauge (lig. 14) became so small that it is 
now absolutely impossible to fit the brake 
discs on the axle centre, so that once again 
it was impossible to consider anything but 
a simple brake acting on the tyres. In this 
case, it is however possible to fit the brake 
discs inside the wheel, and it is perhaps inte- 
resting in this case to brake at the same 
time as these discs, the tyres — each com- 
ponent within its admissible capacity — but 
on their sides and not on their running 
surface. A wheel of this kind, made in the 
form of a ventilated monoblock wheel — 
the system might later on be adapted to the 
larger standard wheel — doubtless repre- 
sents the optimum solution from the ther- 
mic point of view. It is only necessary to 
pay special attention to the heating of the 
axle boxes and grease as a result of the 
braking, heating which is for the time being 


Bremsscheibe 640 ¢ 


Gusseisen spez Warme 019 


300 


200 


70 30 v7) 50 60 70 0 90 


Fig. 13. — Final temperature of a brake disc 
after 20 min prolonged braking as a function 
of the braking power at a constant speed of 
60 km/h, without taking the influence of 
the wind due to running into account. 


N. B. — Bremsscheibe = brake disc. — 
Spez. Warme = specific heat. 
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limited to 100°, It would appear to be inte- 
resting to study the axles from this point 
of view. 

If we get rid of conventional ideas, it can 
be appreciated that the brakes on the wheel, 
the disc brakes and possibly combinations of 
the two systems will completely meet future 
requirements; they could never have to sup- 
ply more power than the limit of power dic- 
tated by the coefficient of adhesion between 
rail and wheel. 
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brake, such as rheostatic brakes, regenerative 
brakes, electric or hydraulic eddy current 
brakes, are connected with the constructional 
elements wheel and rail. They are solely of 
thermic interest or for saving power and 
wear. They do not reduce the braking dis- 
tances. 


3.4. Magnetic rail brakes. 


The electro-magnetic rail brakes are, as 
the curves of figure 1 show, very effective 


Fig. 14. — Standard 1000 mm diameter wheel and « small 
wheel » of 600 mm diameter with worn tyres, within the 


vehicle loading gauge. 


3.3. Other means of deceleration. 


Decelerations greater than the normal 
limit of adhesion can be obtained by increas- 
ing the adhesion by means of sanding 
(which is problematic at high speeds), or 
using materials with greater adhesion for 
the wheels, such as rubber and other synthe- 
tic materials (axle loads and ageing) and 
in theory also by magnetic devices to increase 
the adhesion. Apart from this, the only other 
additional decelerators are aerodynamic dé 
vices, for example « roughing up » the sur- 
face of the vehicle by causing artificial tur- 
bulence, in the case of highly perfected vehi- 


cles, reaction journals or again magnetic 
All the other types of 


brakes on the rails. 


Possibilities of fitting a brake disc. 


and well tried methods by means of which 
the total deceleration of complete trains can 
be increased to slightly over 2 m/s®. Their 
effects have been studied up to 170/ 
180 km/h. But above these speeds, we get 
very conclusive evidence from the point of 
view of the coefficient of friction of the now 
well known fact of the sliding of the brake 
blocks on the tyres; they cannot but be more 
favourable owing to the fact that the rail 
remains cold. 

It is already proposed to control these 
brakes in such a way that they come into 
action gently and that the increase in the 
friction at low speeds, which is a feature of 
such brakes, can be corrected. In the case 
of high speeds, the only problem that re- 
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mains is the question of the points and cros- 
sings. This is a problem that will have to 
be dealt with in the future by the bogie 
designers : to design bogies which not only 
have good running qualities and good sus- 
pension, but also special layouts for the 
installation (not the fitting later on) and 
guiding along the track of the brake electro- 
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4. Problems of pneumatic control 
of the brake. 


4.1. The control of the brakes. 


From the point of view of the technique 
of control, all the problems concerning the 
isolated vehicle are solved in order to ae 
the utilisation of the coefficient of friction, 


km/h 
150 
kp/em ~S 
2 
3 S 
= 00S 
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0 70 20 30 s 40 
Zeit 
Fig. 16. — Variation of the pressure in the brake cylinder. 
Deceleration and speed during braking at 150 km/h with 
cast iron brake blocks. 
N. B. — Bremszylinderdruck = pressure in the brake cylinder. — 
Verzogerung — deceleration. — Geschwindigkeit = speed. 
of the coefficient of adhesion and of the 


magnets. Their suspension from the axle 
box supports and their lengthwise location 
in the space between the wheels would 
appear perfectly logical for this purpose with 
the use of disc brakes instead of blocks. 
Articulated brakes are particularly effective 
owing to the flexibility of adaptation of the 
different elements (fig. 15). 


adhesion. 

Compressed air brakes with grey iron 
blocks are influenced automatically by the 
brake pressure regulator from the axle box 
in such a way that they take into account 
the variation as a function of the speed of 
the coefficient of friction of the cast iron 
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blocks (fig. 16). A single reduction of the 
pressure in the brake cylinder at about 
50 km/h is sufficient to maintain the decele- 
ration more or less constant, because the 


block helps this by the deformation it under- 
With blocks made 


goes whilst heating up. 
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The anti-slip regulators make it possible 
to dimension the brakes without risk more 
or less according to the optimum coefficient 
of adhesion. They protect each axle (fig. 17) 
by automatically reducing the braking effort 
for a short instant the moment a wheel tends 


Anti-skid 


regulator 


on the bogie of a coach 


equipped with the KE-GPR brake. 


Ceschmindigkeit 


Bremsiylinderdruck 


Fig. 18. — Variation in 


the peripherical speed of an axle 


fitted with an anti-skid device during slip caused on two 


« occasions, for a deceleration 


on the rail. 


G. Variation in the speed. 


of 0.91 m/s? because of oil 


S. Zones of intervention of anti-skid regulator. 


D. Pressure in the brake cylinder. 


a. Point at which the anti-skid regulator is released. 
b. Point at which the brake comes off. 
ec. Loss of speed in the skidding axle 13.3 km/h. 


d. Absolute speed 57 km/h. 

e. Time braking is acting. 
N. B. — Zeit = 
Bremszylinderdruck 


of synthetic materials and brakes with lin- 
ings, such regulation is unnecessary, because 
their coefficient of friction is more or less 
independent of the speed (5). 


time. — Geschwindigkeit — speed. — 
pressure in the brake cylinder. 


() MOLLER : « Neue Druckluftbremse fiir 
sehr schnelle Eisenbahnziige » (New compres- 
sed air brake for very fast trains). « Z. VDI. », 
99, L957, Now 12. 


en ene ae a ae 
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to skid as a result of local fluctuations in the 
coefficient of adhesion (oil, leaves, etc.). 
This automatic operation takes place so 
quickly (fig. 18) that the braking distance 
of long, fast trains was hardly increased at 
all when a trial braking section was covered 
with greasy soap over a long length in order 
to make all the axles exceed the limit of 
the coefficient of adhesion (fig. 19) (6). 
Modern compressed air brakes also adapt 
themselves to the load conditions conti- 


HSSSSRE> CRS ESEY 
SSHERRR Ss 


100 110 170 130 
Geschwindigkeit {km/h| 


of a fast train 
Weight of 


Fig. 19. Braking length 
equipped with KE-GPR brake. 
train: 688 t. 


a. Without rapid braking accelerator and with- 


out locomotive brake. 


b. Without rapid braking accelerator and with 


Ge With 


ANB €. 


locomotive brake. 

rapid braking accelerator 
motive brake. 

Points of measurement of runs as under a, 
but the rails had been greased with greasy 
soap so that the anti-skid regulators of all 
the axles had to come into action. 


N. B. — Bremsweg = braking distance. — 
Geschwindigkeit = speed. 


and loco- 


eles ee oe ee 


(°) MOLLER: « Gleitschutz, ein Weg zur 


Hochleistungsbremse » (Protection against skid- 
ding, a means of obtaining a very powerful 


brake). 


« Glas. Ann. », 65, 1941, No. 3. 
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nuously and automatically by means of the 
pressures in the brake cylinders, when cir- 
cumstances make this necessary. 


ser Wb foyer. heavy trains. 


With modern compressed air brakes, con- 
trol operations do not raise any problems as 
regards braking and taking off the brakes, 
even in the case of long trains. Indirect 
action compressed air brakes make available 
with their reservoirs filled to 5 kg/cm? in 
the released condition, a sufficient reserve 
of power on each vehicle, and they can be 
used with very precise regulation, with prac- 
tically no loss of time. These brakes with 
their automatic feed are inexhaustable, even 
on long, difficult downhill runs (7). The 
speed of propagation, which is nearly 
300 m/s, has been taken very close to the 
theoretical limit (330 m/s) and owing to the 
acceleration by means of acceleration cham- 
bers, has been made independent of the 
length of the train, so that not only the long 
European trains of 1000 to 1200 m, but 
even the long American trains of more than 
2000 m are perfectly braked. During rapid 
brakings, the pressure can be reduced at 
every part of the train by bleeding devices, 
so quickly that the braking diagram obtai- 
ned at the end of the train is the same as 
that for the first wagon (8). Figure 20 ex- 
plains the operation in principle for a 500 m 
long train. This representation can easily 
be extended to longer trains. If these spéeds 
of propagation should really become insuffi- 
cient, there is also the possibility of electric 
control. 

Unlike the braking, however, the taking 
off of the brakes on very long and heavy 
trains by means of moderable brakes is more 
difficult because owing to the required inex- 


(*) MOLLER: « Die neue Ejisenbahndruckluft- 
bremse mit dem KE-Einheitsventil » (The new 


compressed air brake with standardised KE 
distributor). « Z. VDI. », 96, 1954, No. 11 and 
No. 12. 


(°) MOLLER: « Gleitschutz, ein Weg zur 
Eisenbahndruckluftbremse » (Critical considera- 
tions on the compressed air brake for railways). 
« Glas. Ann. », 89, 1956, No. 11. 
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haustability, the quantity of air used for 
braking on each coach must be replaced as 
the operation of taking off the brakes pro- 
ceeds. The taking off of the brakes on such 
trains is made difficult by the large quanti- 
ties of air which have to be moved in a very 
short time in the main air conduit. 
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in the time taken to take off the brakes and 
at the same time the accelerating influence 
of the first recharge i.e. the momentary use 
of a higher pressure than the normal pres- 
sure of 5 kg/cm®. The time taken to take 
off the brake in the case of fairly heavy 
trains can be reduced in this way, after com- 
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Fig. 20. —- Pressure in the main brake pipe and in the brake cylinder during rapid braking 
for different coaches of an express train consisting of 20 four axled coaches without rapid 
braking accelerator (above), and with rapid braking accelerator (below). Total length: 
layllyf iat 

N. B. — Druck = pressure. — Driicke in der Hauptleitung = pressures in the main pipe. — Driicke 
in den Bremszylindern = pressures in the brake cylinders. — am 1. Wagen = on the first coach. — Zeit 
= time. — 15 bis 20 Wagenzug = train of 15 to 20 coaches. 


The possibilities of improving these ope- 
rations of taking off the brakes have been 
studied on a brake test bench (fig. 21) whose 
dimensions make it unique in Europe. It 
represents the original brakes of a railway 
train 2300 m long. 

The following methods can be considered : 


1) reduction of the resistance in the brake 
conduit by replacing the one inch conduit 
currently used in Europe by one of | 3” and 
over. Figure 22 shows, for a 7000 t train, 
which consequently represents a multiple 
of those now running, the radical reductions 


plete braking, to 60 s or less. In fact, it is 
only the European railways who still retain 
inch conduits. New wagons should be built 
today with 1 }” conduits; the air brake hoses 
can be kept as they have large dimensions, 
and give only the minimum restriction in 
relation to the resistances of long conduits. 


2) dephasing in the increased time inter- 
val between brakes being taken off and the 
refilling of the reservoirs on each vehicle, 
for example by subdividing these reservoirs 
into sections some of which are filled first 
and some later on, and by calculating ratio- 
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nally the starting and acceleration times 
alter a stop up to a certain running speed. 
The results correspond more or less to those 
obtained with increasing the diameter of the 
main conduit to 1 }”. But the method in- 
volves concessions from the point of view 
of design or methods used. 

3) measures intended to economise on the 
air used. We are thinking here of the re- 
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bles experienced in taking the brakes off, 
even in the case of the longest and heaviest 
trains, would however be the total separa- 
tion of the brake control and the transport 
of air. For this purpose, we could use either 
the existing main brake pipe, if necessary 
increased to 1 2”, solely for refilling and 
supplying, at a constant pressure of 5 kg/cm? 
and add the electro-pneumatic controls al- 


up to 2300 m 


duction in the play of the brake blocks, the 
flexibility of the rigging, the suppression of 
slack, as well as separating the application 
and braking cylinders, or again of the ad- 
vantages in the same direction of the uni- 
tary effect of the modern KE brake (*). 
However brake blocks of plastic materials are 
the beginning of a very drastic evolution. 
Their coefficient of friction is nearly double 
that of grey iron blocks. Their use will 
make it possible to reduce by half the pre- 
sent effort at the brake cylinder and conse- 
quently the amount of air needed. Blocks 
of plastic materials have not yet been fully 
perfected, but there is no need to be spe- 
cially brave to believe in them. Disc brakes 
with synthetic linings are also a great step 
forward in the same direction and must be 
carefully followed. 

4) the most radical remedy for the trou- 


long with 


— Test bench for compressed air brakes for trains 


loads of about 15000 t. 


ready mentioned, or again provide a separate 
pipe for refilling beside the usual compressed 
air control pipe. ‘This second pipe would 
already result in considerable advantages, 
even with the lengths of train used in 
Europe which would not be merely the 
reduction in the time taken for brakes off. 
It would make all the measures now used 
to assure inexhaustability superfluous; it 
would allow of — especially if it had a 
pressure higher than 5 kg/cm? for example 
10 kg/cm? — much higher pressures in the 
brake cylinders of the different vehicles 
(smaller brake cylinders and reservoirs) and 
very pleasing pneumatic braking to load 
even in the difficult cases of high and vary- 
ing axle loads, which will certainly become 
an important consideration in the future. 
In the case of pneumatic suspensions, the 
pneumatic devices for closing the doors and 
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other compressed air controls, this second 
pipe would even be necessary, because one 
cannot take air from the control pipe. The 
reserve of high pressure air, by analogy with 
the braking accelerators, would allow of the 
installation of brake off accelerators of 
equally good design. 


When we consider the simplicity of the 
addition involved by this second pipe com- 


a i = T a a 
Vee 
-—--— Rohrkitung 1” 7] 
—— Robtrleitung 14% ao 
Yd 
= 
liam 
| 
at 4 
L 190 Kolbenhub in mm ——o= 200 
mit =i ——— J 
2000 3000 3500 4000 5000 6000 7000 
Zuggewicht in Mp 
Fig. 22. — Time taken to release the brakes 
on heavy goods trains after a full applica- 
tion with 1’ and 1 1/4 pipes (length of 
train: 1000 m; braked at 100 %; 12’’ brake 
cylinders; pressure in the main reservoir: 
10 kg/cm’). Measured without first recharg- 
ing and with recharging of different dura- 
tions. z 
N. B. — Zuggewicht in Mp = weight of train in t. — 


Losezeit in! ‘Ss = 


time required to take off the 
brake in s. 


— Kolbenhub in mm = piston stroke 
in mm, Rohrleitung pipe... Ohne Fiill- 
stoss = without first recharge. — 25 s Fiillstoss 
== 25) § recharge, 
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pared with the increase in power assured by 
it, it clearly should be stipulated under all 
circumstances and provided straight away if 
we want to adopt automatic couplings with 
centre buffer in Europe. 

The results of measurements taken (fig. 23) 
show the time taken for brakes off in the 
case of brakes with two pipes for trains of 
as long as 2300 m. It would then be possi- 
ble to take the brakes off on trains of this 
length as rapidly as on the usual trains of 
today in Europe (about 1000 m long), for 
which a maximum of 70 s is allowed using 
recharging for 20 to 30 seconds. The load 
of the trains has no influence on the tech- 
nique of control, because the difference in 
the consumption of air for braking does not 
affect the control pipe. 

It can therefore be seen that there are so 
many means of taking the brakes off on lon- 
ger and heavier trains that it is difficult, 
even for the specialist, to select or combine 
together those most economical and suitable 
for the operating conditions of the railway 
under the most diverse conditions, without 
falling for the impossible. 

There is no reason to think that the 
length of European trains will exceed 1 000 
to 1500 m as if they did, this would involve 
reconstruction of the passing tracks and 
marshalling yards. Nor is there the traffic 
to justify such long trains, and there might 
not even be in spite of a new increase in 
the density of the populatoin. Before think- 
ing of increasing the length of the trains, 
they should be speeded up or the weight 
increased by the use of four axled wagons. 
It is true that increasing the train loads 
would mean an increase in the volume of 
air needed for the compressed air brakes, 
which would have to be assured by the above 
mentioned methods. But all the same these 
future problems should not be considered 
solely from a European point of view, and 
still less from a national point of view. The 
railway is an international means of trans- 
port, not only because some wagons travel 
freely from one country to another but also 
on account of technical progress throughout 
the whole world in a much wider sense. In 
the vast regions of the Orient and Africa, 
the essential conditions for making up hea- 


Losezeit in 
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vier and perhaps longer trains are more fa- 
vourable, and there are iron mines which 
make up 10 000 and even 14 000 t trains. 


Résumé. 


The increase in world population and the 
ever increasing mobility of the individual 
are not without influence upon the structure 
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Fig. 23. — Time required to take off brakes 
on long trains with special recharging pipe 
after complete braking and without first 
recharge. 


N. B. — Losezeit = time for taking off brake. — 
Lésen ohne Fiillstoss — releasing brakes without 
first recharge. — Losen mit Fiillstoss 20 s = tak- 
ing off brake with 20 s first recharge. — Ziglange 
in m = length of train in m. — Europaische 
= European trains. — Nordamerikanische = North 
American trains. 


of transport. Whereas the roads are already 
restricting individual transport and aircraft 
are altering their sphere of activity towards 
the radius of action of reaction equipment, 
the railway has not yet made full use of all 
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its possibilities from the point of view of the 
length and weight of trains. The collective 
character of railway transport favours the 
establishment of certain laws for which the 
quality of the brake is one of the most im- 
portant gauges. ‘The better the brake, the 
faster the traffic can circulate, and the fas- 
ter and heavier the trains can be. 

Starting from practical experiences that 
have already been obtained, we have calcu- 
lated first of all the possibility of increasing 
the speed up to 250 km/h on the level. This 
scale of speeds has been controlled metro- 
logically for brakes with grey iron blocks and 
synthetic blocks applied to standard wheels 
of 1 000 mm diameter and to « small wheels » 
of 600 mm diameter, as well as for disc bra- 
kes, axles with 10 and 20 t loads, sharp and 
long down gradients, up to speeds of 
130 km/h. It is possible to remain master 
of such speeds in the case of 10 t axle loads; 
the arrangements to be adopted in the case 
of 20 t loads are explained. The criteria 
are the superficial temperatures and the loo- 
sening of the tyres. ‘The still more difficult 
case of fast runs with stops at close intervals 
on the level and runs on hilly lines with 
many stops have been studied on the test 
bench. ‘The influence of the running wind 
is reported. 

With disc brakes, the replacement of mas- 
sive cast steel discs by discs fitted with cast 
iron friction crowns makes it possible to in- 
crease the admissible braking powers, the 
life and the economic efficiency. 

After considering the limits of the braking 
power, the author deals with the coefficients 
of friction, of sliding and of adhesion and 
the practical way to make use of them with 
compressed air brakes controlled as a func- 
tion of the speed, protected against skidding, 
and braking automatically as a function of 
the load, which leads to brakes at the limit 
of adhesion and their reinforcement by elec- 
tromagnetic brakes acting on the rail. 
These considerations complete the studies 
devoted to individual vehicles. 

From the individual vehicle, the conside- 
rations of the future will go to the train 
itself. The speed of propagation of the 
braking, both electric and pneumatic, and 
its influence on service braking and sudden 
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braking are the subjets of a critical study. 
The main problem resides in the braking of 
long, heavy trains. For reasons of inexhaus- 
tability and of safety, automatic brakes which 
can be gradually released depend only on 
the degree to which their reservoirs are fil- 
led. ‘The transport of these large amounts 
of air through the ordinary brake pipe con- 
sequently slows down the take off of the 
brakes and makes it more difficult to regu- 
late the brakes as the train increases in 
length. It is shown that there are numerous 
ways of overcoming this defect : increasing 
the size of the pipe, dephasing between bra- 
kes off and the refilling, and artifices inten- 
ded to economise the air used, amongst 
which brake blocks of synthetic materials 
are of particular importance. But the radi- 
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cal measure, which is to separate the control 
of the movement of the air by means of a 
special filling pipe, solves this problem so 
completely that it enables us to retain the 
mastery in the case of trains 2500 m long 
with a 15000 t load by means of brakes the 
take off of which can be regulated just as 
surely as in the case of the 1000 m long 
2500 t trains of today. 

From these studies, it may be concluded 
that the brake and its control by compres- 
sed air do not prevent any necessary deve- 
lopment, however bold, of railway transport. 
On condition, naturally, that the brake is 
treated in the same liberal way as traction 
and comfort requirements, which should be 
its of right, seeing that it is the guarantee 
of safety. 
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de MIRANDA (F.). — Ponts-rails soudés sur la ligne 
de Catane a Syracuse (Italie). (1 500 mots & fig.) 


624 (45) 


Annales de l'Institut Technique 
du Batiment et des Travaux Publics. (Paris.) 


1961 691 
Annales de I’Institut Techn. du Batiment et des Tray. 
Publics, mars-avril, p. 377. 
ADAM. — Etude sur les parements de béton armé ap- 
parent. (3 000 mots, tableaux & fig.) 


1961 691 
Annales de |’Institut Techn. du Batiment et des Trav. 
Publics, mars-avril, p. 407. 
Nouvelles régles pour le calcul et l’exécution des construc- 
tions en béton armé. (Régles BA 1960). (12000 mots, 
tableaux & fig.) 


Annales des Travaux Publics de Belgique. 
(Bruxelles.) 


1960/61 691 
Annales des Travaux Publics de Belgique, n° 5, octobre, 
p. 419. 
CAMPUS (F.). — Essais de résistance des mortiers et 
bétons a Peau de mer. Résultats aprés 20 ans d’immersion. 
(5 000 mots, tableaux & fig.) 


1960/61 624 .2 

Annales des Travaux Publics de Belgique, n° 5, octobre, 
p. 447. 

VALALAS (D.). — Note sur l’étude des poutres con- 


tinues A trois trayées symétriques. (3 500 mots, tableaux 
& fig.) 


Bulletin de l’Association Suisse 
des Electriciens. (Ziirich.) 


1961 621 
Bull. de 1’Ass. Suisse des Electriciens, 6 mai, p. 337. [F 
BERGER (K.). — Considérations fondamental 
propos de la révision des prescriptions relatives a la 1} 

a la terre d’installations a haute tension. (4 000 mots & 


1961 621 
Bull. de l’Ass. Suisse des Electriciens, 6 mai, p. 345. 

MERZ (H.).— Zerstérungsfreie Priifung auf Por 
mit Ultraschall yon Fahrleitungs-Vollkernisolatoren 
Schweizerischen Bundesbahnen. (3 200 mots & fig.) 


Bulletin de Documentation S.C.E.T.A. 
(Paris.) 
1961 
Bull. de Documentation S.C.E.T.A., mai, p. 1. 


La coordination technique rail-route a l’échelle e 
péenne. (1 500 mots & fig.) 


656 


Bulletin de la Société Francaise des Electricier 
(Paris.) 


1961 621—. 
Bulletin de la Soc. Frangaise des Electriciens, févri 
p: 120. 
NOUVION (F.). — L’emploi des semi-conducteurs 
traction électrique. (11 000 mots & fig.) 


Bulletin technique de la Suisse Romande. 
(Lausanne.) 
1961 
Bull. techn. de la Suisse Romande, 22 avril, p. 105. 


GONARD. — Qu’est-ce que la recherche opérati 
nelle ? (6 000 mots.) 


1961 
Bull. techn. de la Suisse Romande, 22 avril, p. 113. 
BILLETER-FREY (E.-P.). — Introduction 
méthodes de la recherche opérationnelle. (2 500 mots.) 


C.F.F. (Berne.) 


1961 656 .222 
C.F.F., mai, p. 4. 
BAUM (G.). — Les nouveaux trains marchandi 


TEEM. (500 mots & fig.) 


PTO I 


1961 
C.F.F., mai, p. 6. 
MORESCHI (A.). — Voiture d’instruction X3 91121 
du service de nettoyage. (1 000 mots & fig.) 


625 .23 (494) 


Containers. (Paris.) 


1961 
Containers, juin, p. 7. 
Transports sur wagons de yéhicules routiers et de remor- 
ques routiéres chargés de marchandises. (3 000 mots & fig.) 


656 .225 


i 656 .211 .7 (41) 
Containers, juin, p. 21. 
BYRNE (P.G.). — Le nouveau «ferry container 


service » des Chemins de fer de l’Irlande du Sud. (1 200 
mots & fig.) 
1961 
Containers, juin, p. 27. 
KREMPLER (F.). — La palettisation aux Chemins de 
Fer Autrichiens. (1 500 mots & fig.) 


656 .225 (436) 


1961 
Containers, juin, p. 34. 
Mise a |’essai par la D.B. de petits containers gerbables 
€ caisse amovyible. (300 mots & fig.) 


656 .225 (43) 


1961 
Containers, juin, p. 44. 
Le container démontable « Toronto. » (500 mots & fig.) 


656 .225 


1961 
Containers, juin, p. 47. 
LABARONNE (A.). — La citerne souple, solution 
d@avenir. (900 mots & fig.) 


656 .225 


Le Génie Civil. (Paris.) 


1961 621 .335 (44) 

Le Génie Civil, n° 3539, 1° mai, p. 198. 
MACHEFERT TASSIN (Y.). — Les prototypes d’élé- 

ments automoteurs 4 courant monophasé 25 kV-50 Hz des 


banlieues Nord et Est de Paris. (7 000 mots, tableaux & 


fig.) 


1961 669 
Le Génie Civil, n° 3539, 1° mai, p. 211. 

Les recouvrements métalliques et réfractaires. (A suiyre.) 
(2000 mots & tableaux.) 


L’Industrie des Voies ferrées 
et des Transports automobiles. (Paris.) 


1961 656 .132 (44) 
L’Ind. des Voies fer. et des Transports automobiles, 


avril, p. 62. : 
Etude d’un prototype d’autobus unifié. (1 500 mots.) 


Revue Générale des Chemins de fer. (Paris.) 


1961 fod 385 .517 (44) 
Revue Générale des Chemins de fer, mai, p. 265. 

MERMIER (S.), BERTRAND (A.) et PALIES (R.). — 
L’amélioration des locaux 4 Vusage du personnel sur la 
Région du Sud-Est de la S.N.C.F. (6000 mots & fig.) 


1961 313 .656 (44) 
Revue Générale des Chemins de fer, mai, p. 279. 

GRANGEON. — L’ajustement saisonnier des statisti- 
ques de trafic a la S.N.C.F. (6000 mots & fig.) 


1961 625 .111 (44) 
Revue Générale des Chemins de fer, mai, p. 293. 

BOUTOT. — La suppression des passages 4 niveau de la 
Rive gauche de la Loire a Nantes. (2 500 mots & fig.) 


1961 
Revue Générale des Chemins de fer, mai, p. 303. 
La station d’essais de Vienne-Arsenal. (1 200 mots & fig.) 


625 .234 


1961 621 .335 (43) 
Revue Générale des Chemins de fer, mai, p. 318. 

La locomotive bi-fréquence E 320-01 de la Deutsche 
Bundesbahn (600 mots & fig.) 


Revue Générale de Mécanique-Electricité. 
(Paris.) 
1961 6215313 
Revue Générale de Mécanique-Electricité, mars, p. 62. 
BERTAUDON (J.). — La filtration de lair d’aspiration 
des compresseurs. (2 200 mots & fig.) 


1961 621 .335 
Revue Générale de Mécanique-Electricité, mars, p. 67. 
Les locomotives a redresseurs ignitrons. (1 200 mots & 


fig.) 
1961 621 .3 


Revue Générale de Mécanique-Electricité, mars, p. 68. 
Les semi-conducteurs dans l’industrie. (3 500 mots & fig.) 


Revue Universelle des Mines. (Liége.) 
1961 62 (01 
Revue Universelle des Mines, mai, p. 305. 

FRAEIS de VEUBEKE (B.). — Sur certaines inéga- 
lités fondamentales et leur généralisation dans la théorie 
des bornes supérieures et inférieures en élasticité. (5 000 


mots.) 


1961 624 
Revue Universelle des Mines, mai, p. 315. - 
GENOT (A.). — Détermination de bornes superieures 


et inférieures aux coefficients d’influence dans une structure 
hyperstatique en treillis. (5 000 mots & fig.) 


i 


La Technique Moderne. (Paris.) 


1961 621 .31 (06 
La Technique Moderne, mars, p. 107 et avril, p. 144. 

Conférence Internationale des Grands Réseaux Elec- 
triques (Suite.) Transformateurs, par M. MONNET. 
(1 500 mots.). — Protections et relais, par P. AUGES. 
(800 mots.). — Pylénes et massifs de fondations, par 
M. FEINTUCH. (900 mots.). — Conception et fonction- 
nement des réseaux. Stabilité, par P. AUGES. (2 000 mots.) 


1961 621 .3 
La Technique Moderne, mars, p. 109. 
Les éléments électroniques 4 supra-conductibilité. (1 500 


mots & fig.) 


La Traction Electrique dans les Chemins de fer. 
(Bruxelles.) 
1961 62133 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 3, mars, p. 101. 
WAGNER (R.). — L’électrification en Sarre. (3 250 
mots & fig.) 
1961 621 .431 .72 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 3, mars, p. 111. 
Persiennes de prise d’air. (1 150 mots & fig.) 


1961 621 .332 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 3, mars, p. 115. 
HAUSMANN (L.). — Ligne de contact et pantographe. 
(5 350 mots & fig.) 
1961 621 .335 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 3, mars, p. 139. 
BOBBERT (H.). — L’entretien des automotrices a 
accumulateurs a l’atelier de réparations. Evolution et 
progres. (4 500 mots & fig.) 
1961 621 .33 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 3, mars, p. 151. 
COMPTE RENDU  BIBLIOGRAPHIQUE. Gleichstrom- 
bahnen und Gleichstromfahrzeuge (Lignes électrifiées en 
courant continu et véhicules moteurs a courant continu). 
(430 mots & fig.) 


La Vie du Rail. (Paris.) 


1961 385 (07. 4 (493) 
La Vie du Rail, 16 avril, p. 10. 
VANEY (Ch.). — Au Musée des Chemins de fer A 


Bruxelles. (1 000 mots & fig.) 


1961 
La Vie du Rail, 16 avril, p. 14. 
_ Le plus grand producteur frangais de chaux et ciments 
inaugure le transport sur palettes en wagons complets. 
(600 mots & fig.) 


656 .225 (44) 


1961 621 .335 (44) 
La Vie du Rail, 23 avril, p. 3. 
Les éléments automoteurs prototypes 25.000 V de la 


banlieue Nord-Est. (3 500 mots & fig.) 


1961 
La Vie du Rail, 30 avril, p. 4. 
Electrification Est-Paris. Le poste électrique de Nancy. 
Commande des installations de sécurité du parcours 
Nancy-Champigneulles. (1 000 mots & fig.) 


656 .257 (44) 


1961 
La Vie du Rail, 30 avril, p. 8. 
Modification du dispositif de collectage et d’évacuation 
des eaux dans le tunnel de Limoges-Béneédictins. (1 200 
mots & fig.) 


625 .13 (44) 


1961 
La Vie du Rail, 30 avril, p. 10. 
En provenance des Etats-Unis une voiture d’auscultation 
des voies est débarquée 4 Dunkerque. (1 200 mots & fig.) 


625 .172 (44) 


1961 
La Vie du Rail, 7 mai, p. 3. 
Travaux de réfection du souterrain de La Challiére. 
(600 mots & fig.) 


625 .13 (44) 


1961 656 .2 (47) 
La Vie du Rail, 7 mai, p. 10. 
KRASNOCHTCHEKOY (I.). — La reconvyersion des 


Chemins de fer soviétiques. (400 mots & fig.) 


1961 
La Vie du Rail, 7 mai, p. 13. 
Signalisation automatique a Camden Town (London 
Transport). (700 mots & fig.) 


656 .257 (42) 


In German. 


Die Bundesbahn. (Darmstadt.) 


1961 
Die Bundesbahn, N° 4, Februar, S. 189. 


KOCH (K.). — Eisenbahnen in neuzeitlicher Wirtschaft. 
(3 000 Worter.) 


656 .2 


1961 
Die Bundesbahn, Nt 4, Februar, S. 196. 
SAMTLEBEN (K.F.). — Zur Giitertarifpolitik der 
Deutschen Bundesbahn. (8 000 Worter & Tabellen.) 


656 .235 (43) 


1961 656 .222 .5 (43) 
Die Bundesbahn, Nt 4, Februar, S. 207. 
ROVER (K.). — Spitzenverkehr im Reisezugdienst. 


Die Lésung dieses Problems durch die Deutsche Bundes- 
bahn. (7 000 Worter & Abb.) 


ARN fa 


1961 
Die Bundesbahn, Nt 5/6, Miirz, S. 242. 
KREIDLER (E.). — Bauarbeiten wiihrend des Betriebs 
und ihre Steuerung. (3 000 Worter & Abb.) 


656 .21 


1961 656 .225 
Die Bundesbahn, Nt 5/6, Marz, S. 251. 
BLASIG (W.). — Giiterzugdienst — Planung und 


Oberwachung der Frachtenbeférderung zur Sicherstel- 
lung ihrer Zuyerlassigkeit. (5 000 Worter, Tafeln & Abb.) 


1961 656 (43) 
Die Bundesbahn, Nt 5/6, Marz, S. 260. 
DIETRICH (A.). — Nochmals : Schienenersatzyer- 


kehre der Deutschen Bundesbahn mit oder ohne Genehmig- 
ung. (4000 Worter.) 
1961 
Die Bundesbahn, Nt 5/6, Marz, S. 266. 
MEID (J.). — Moderne Technik erméglicht Konzen- 
tration und Rationalisierung kleiner Bahnhéfe. (8 000 
Worter, Tafeln & Abb.) 


656 .21 


1961 656 (44) 
Die Bundesbahn, N* 5/6, Marz, S. 285. 
SCHUCHMANN (E.). — Feststellungen zur Ver- 


kehrskoordinierung im Priifungsbericht fiir die 6ffent- 
lichen Betriebe in Frankreich. (1 700 Worter.) 


Deutsche Eisenbahntechnik. (Berlin.) 


1961 613 
Deutsche Eisenbahntechnik. April, S. 149. 

LESSING (G.). — Larmprobleme des Verkehrswesens. 
(3 000 Worter & Abb.) 


1961 624 .2 
Deutsche Eisenbahntechnik. April, S. 155. 

SCHULZE (H.). — Messtechnische Untersuchung einer 
orthogonalen anisotropen Platte als Briickentragwerk. 


(4 000 Worter & Abb.) 


1961 625 .11 (43) 
Deutsche Eisenbahntechnik. April, S. 164. 
GEBHARDT (R.). — Zehn Jahre Entwurfs- und 


Vermessungsbiiro Deutsche Reichsbahn. (4000 Worter.) 


625 .251 


1961 
Deutsche Eisenbahntechnik, April, S. 169. 
WACHTER (A.). — Achslastanderungen beim Bremsen 
und ihr Einfluss auf die Ausnutzung des Haftwertes. 
(5 000 Worter & Abb.) 


1961 656 .25 (437) 


Deutsche Eisenbahntechnik, April, S. 177. 
ELIAS (A.). — Die Entwicklungsrichtung der Sicher- 
ungstechnik in der CSSR. (4.000 Worter & Abb.) 


625 .12 (481) 


1961 
Deutsche Eisenbahntechnik, April, S. 183. _ ' 
Frostschutzmassnahmen bei der. Norwegischen Eisen- 


bahn. (1 200 Worter & Abb.) 


E.T.R. - Eisenbahntechnische Rundschau. 
(Darmstadt.) 
1961 621 .33 (43) 
Eisenbahntechnische Rundschau, Marz, S. 71. 


KREIDLER (E.). — Betriebsprobleme bei der Elektri- 
fizierung der Nord- Siid- Strecke. (4 000 Worter & Abb.) 


(1961 621 .33 (43 + 44) 
Eisenbahntechnische Rundschau, Marz, S. 80. 

BERG (R.) und RABANUS (F.). — Die Eisenbahn- 
grenziibergange am saarlindischen Abschnitt der deutsch- 
franzésischen Grenze und ihre Anpassung an die ver- 
schiedenen Stromsysteme der elektrifizierten Strecken 
der DB und S.N.C.F. (9000 Worter, Tafeln & Abb.) 


1961 656 .211 (43) 
Eisenbahntechnische Rundschau, Marz, S. 96. 

BULLEMER (O.). — Wege zur Leistungssteigerung 
des Hauptbahnhofs Miinchen. (10 000 Worter, Tafeln & 
Abb.) 

1961 625 .285 (437) 
Eisenbahntechnische Rundschau, Marz, S. 121. 

STETZA. — Fiinfachsiger Triebwagen der CSD mit 
Fernsteuerung. (700 Worter & Abb.) 


1961 621 .431 .72 
Eisenbahntechnische Rundschau, April, S. 127. ; 

GAEBLER (G.A.). — Zur Verwendung hydraulischer 
Kupplungen in hydrodynamischen Getrieben fiir Diesel- 
triebfahrzeuge mittlerer bis grosser Leistung. (10 000 
Worter, Tafeln & Abb.) 


1961 625 .23 (43) 
Eisenbahntechnische Rundschau, April, S. 145. 

RAAB (K.). — Die neuen Nahverkehrswagen der 
Deutschen Bundesbahn. (5 500 Worter & Abb.) 

1961 625 .143 .5 
Eisenbahntechnische Rundschau, April, S. 156. 


SPANG (J.). — Schienenbefestigung auf starren Trag- 
konstruktionen fiir niedrige Fahrgeschwindigkeiten. (9 000 
Worter & Abb.) 


1961 625.235 
Eisenbahntechnische Rundschau, April, S. 177. 
Lackieranlagen fiir Grossraum-Fahrzeuge. (S00 Worter 


& Abb.) 


Elektrotechnik und Maschinenbau. (Wien.) 


1961 621 316 
Elektrotechnik und Maschinenbau, 15. April, S. 281. 

HUSA (V.) und CLHELKA (J.). — Das Messen der 
elektrischen Festigkeit an Druckluftschaltern. (2 400 


Worter & Abb.) 


1961 621 .31 
Elektrotechnik und Maschinenbau, 15. April, S. 285. 

OBERRETL (K.). -- Uber Sittigungsoberfelder in 
Induktionsmaschinen. (3 750 Worter & Abb.) 


2 ae 


Glasers Annalen. (Berlin.) 

1961 625215 
Glasers Annalen, Marz, S. 79. F 

FAHLBUSCH (H.) und HOFER (F.). — Die Pro- 

blematik der Luftfederung im Schienenfahrzeugbau. 


(Fortsetzung von N* 6, 1960). (7 000 Worter & Abb.) 


1961 625 .214 
Glasers Annalen, Marz, S. 91. 

VOLKENING (W.). — Vorrichtungen fiir den Ein- und 
Ausbau yon Rollenachslagern. (3 500 Worter, Tafeln & 


Abb.) 

1961 691 
Glasers Annalen, Marz, S. 98. 

BREYER (J.). — Porigkeit, Porositat und Frostbe- 
stindigkeit yon Beton. (2 200 Worter & Tafeln.) 


1961 625 .214 
Glasers Annalen, Marz, S. 102. 

FISCHER (H.). — Diagramm zur Berechnung von 
Achslager-WAlzlagern fiir Schienenfahrzeuge. (900 Worter 


& Abb.) 


1961 
Glasers Annalen, April, S. 115. 
ZOTTMANN (W.). — Messung der wahrend der Fahrt 
auf ein Eisenbahnrad wirkende Krafte. (3 500 Worter, 
Tafeln & Abb.) 


1961 
Glasers Annalen, April, S. 124. 
BISCHOFF (E.), NEUMANN (A.W.) und WOLF 
(K.L.). — Verschmutzung und Waschen lackierter Flachen. 
(5 000 Worter, Tafeln & Abb.) 


625 .2 


625 .2 & 698 


1961 
Glasers Annalen, April, S. 133. 
SCHULLER (R.). — Untersuchung der Heisslaufgefahr 
runder und elliptischer Achsschenkel in Bleibronze- und 
Weissmetall-Lagerschalen mit Ol- und Ol-Molykote- 
schmierung. (4000 Worter & Abb.) 


625 .214 


1961 
Glasers Annalen, April, S. 140. 
WEINERT (O.). — Festigkeits- und warmetechnische 
Untersuchung eines auf 200 °C aufgeheizten Kesselwagens. 
(2 000 Worter & Abb.) 
1961 
Glasers Annalen, April, S. 144. 
KRIENITZ. — Zum Abschluss der Elektrifizierung bei 
den Schweizerischen Bundesbahnen. (1 500 Worter & 
Abb.) 
1961 
Glasers Annalen, April, S. 148. 
Der neue Pendelzug der Bodensee-Toggenburg-Bahn. 
(700 Worter & Abb.) 


625 .245 


621 .33 (494) 


621 .335 (494) 


Henschel - Nachrichten. (Kassel.) 


1961 625 .174 (43) 
Henschel-Nachrichten, N' 1, Februar, S. 21. 
BANGERT (P.H.). — Nouveaux socs chasse-neige 


Henschel-Klima pour le Chemin de fer Fédéral Allemand 
(D.B.). (1 200 Worter & Abb.) 


Internationales Archiv fiir Verkehrswesen. 
(Frankfurt am Main.) 


1961 347 .763 
Internat. Archiy fiir Verkehrswesen, April, S. 110. 

VAN ANDEL (J.). — Freiheit und Transportlage. 
(7 000 Worter.) 


Siemens-Zeitschrift. (Berlin.) 
1961 621 .314 
Siemens-Zeitschrift, April, S. 231. 
MEYER (M.). — Die untersynchrone Stromrichter- 
kaskade ein hochwertiger Regelantrieb fiir kleine Dreh- 
zahlstellbereiche. (1 800 Worter & Abb.) 


1961 621 .316 
Siemens-Zeitschrift, April, S. 241. 
MEYER (F.). — Projektierung von Schaltanlagen mit 


dem Siemens-Lichtbogenléscher. (1 200 Worter & Abb.) 


1961 621 .311 
Siemens-Zeitschrift, April, S. 243. 

RUFF (H.). — Neue Wege beim Bau und bei der 
Unterbringung von Transformatorstationen. (1 S00 Wor- 
ter & Abb.) 

1961 
Siemens-Zeitschrift, April, S. 261. 

HOPPNER (R.). — Neue Gleichstrommaschinen der 
Reihe G 2. (1 900 Worter & Abb.) 


621 .313 


1961 
Siemens-Zeitschrift, April, S. 263. 
Olarme Expansionsschalter der Reihe 10 mit héherer 
Ausschaltleistung. (400 Worter & Abb.) 


621 .316 


Signal und Draht. (Frankfurt am Main.) 


1961 
Signal und Draht, April, S. 49. 
LUTGERT (R.).— Die Lichtsignale bei der Deutschen 
Bundesbahn. (3 000 Wo6rter & Abb.) 


656 .253 


1961 
Signal und Draht, April, S. 57. 
RIESKAMP (K.). — Die Stromyersorgungsanlage fiir 
Gleisbildstellwerke (Sp Dr). (3 200 Worter & Abb.) 


656 .257 


Verkehr. (Wien.) 


1961 
Verkehr, Nt 16, 22. April; S. 554. 
PENTINGA (K.J.). — « Beschrainkt yerschiebbare » 
Befestigung. (400 Worter & Abb.) 


656 .225 


In English. 


Electric Traction on the Railways. (Brussels.) 


1961 621 .338 (42) 
Bulletin of the International Railway Congress Asso- 
ciation — Electric Traction on the Railways, No. 3, 
March, p. 103. 7 
MANSER (A.W.). — Three trains of new design for 
London Transport. (3 500 words & figs.) 


1961 621 .438 
Bulletin of the International Railway Congress Asso- 
ciation — Electric Traction on the Railways, No. 3, 
March, p. 120. 
TENGER (L.H.). — Crank-piston gas-generator 
locomotive. (3 350 words & figs.) 


1961 621 .314 

Bulletin of the International Railway Congress Asso- 

ciation — Electric Traction on the Railways, No. 3, 
March, p. 133. 

READ (J.C.). — Germanium and silicon power 
rectifiers. Present state of world development. (3 500 
words & figs.) 

1961 621 .436 .72 (43) 
Bulletin of the International Railway Congress Asso- 

ciation — Electric Traction on the Railways, No. 3, 
March, p. 143. 


Single-engine 1900 HP locomotive. (3 700 words 
& figs.) 
1961 621 .33 


Bulletin of the International Railway Congress Asso- 
ciation — Electric Traction on the Railways, No. 3, 
March, p. 154. 

NEW BOOKS AND PUBLICATIONS. — Gleichstrom- 
bahnen und Gleichstromfahrzeuge (D.C. electrified lines 
and motor units). (430 words.) 


Indian Railways. (New Delhi.) 


1961 621353, el 
Indian Railways, February, p. 937. 
GIESL-GIESLINGEN (A.). — Adapting steam loco- 


motive boilers to lower-grade coal. (1 300 words & figs.) 


Proceedings, The Institution of Civil Engineers. 


(London.) 
1961 625 .13 (42) 
Proceedings, The Institution of Civil Engineers, February, 
p. 149. 


McGARVA BRUCKSHAW, GOGUEL (J.), HAR- 
DING (H.J.B.) and MALCOR (R.). — The work of the 
Channel tunnel study group. (34 pages, illustrated.) 


1961 625 .13 (42) 
anes The Institution of Civil Engineers, April, 
p. : 
TERRIS (A.K.) and MORGAN (H.D.). — New tun- 
nels near Potters Bar in the Eastern Region of British 
Railways. (18 pages, illustrated.) 


1961 62 (42) 

hapa The Institution of Civil Engineers, April, 
p. 305. 

BOND (R.C .). — The engineering aspects of the 
modernization plan for British Railways. (26 pages, 
illustrated.) 

1961 62 (42) 
Proceedings, The Institution of Civil Engineers, April, 

Dp: 331 
¢ SMiiH (M.G.R.). — The contribution of civil engineer- 
ing to the British Railways modernization plan. (15 pages, 
illustrated.) 


International Railway Journal. (The Hague.) 


1961 625 .174 (52) 
International Railway Journal, March, p. 42. 

New Japanese rotary plow features high availability. 
(600 words & figs.) 

1961 625 .11 (56) 
International Railway Journal, March, p. 45. 

Turkey-Iran : New rail link. (1 900 words & figs.) 


1961 621 .33 (54) 
International Railway Journal, April, p. 15. 

NANDKEOLYAR (A.). — Planning for 25 kV trac- 
tion. (2 400 words & figs.) 

1961 621 .431 .72 (42) 
International Railway Journal, April, p. 22. 

Britain : « Trans-Pennine » Diesel sets. (600 words & 


figs.) 


1961 
International Railway Journal, April, p. 24. 
New look for Trish Transport. (3 000 words & figs.) 


656 .2 (41) 


Japanese Railway Engineering. (Tokyo.) 

1961 656 .212 (52) 
Japanese Railway Engineering, March, p. 3. 

YUKIO TANAKA and MINORU HARADA. — A 


theory of efficiency marshalling yards. — New type of 
track layout in herringbone pattern. (1 800 words & figs.) 


1961 (PAL SH alt 


Japanese Railway Engineering, March, p. 7. 
YUKIO SEKIKAWA. — Adhesion characteristics 
of locomotives. (1 600 words & figs.) 


1961 621 .338 (52) 
Japanese Railway Engineering, March, p. 11. 

KUSUO MIYAHARA. — Scientific management in 
repairing process of electric railcars. (1 800 words & figs.) 


wes BG eee 


1961 656 .223 (52) 
Japanese Railway Engineering, March, p. 15. 
KEISUKE TAKEDA. — Car operation by JNR. 


(1 900 words & figs.) 


Modern Railroads. (Chicago.) 


1961 
Modern Railroads, March, p. 129. 
MYERS (E.T.). — GN turns to smoothing gangs. 
(1 600 words & figs.) 


625 .172 (73) 


1961 621 .392 (73) & 625 .144 .1 (73) 
Modern Railroads, April, p. 63. 

MYERS (E.T.). — Soo gas-welds long rail. (1 900 
words & figs.) 


Modern Transport. (London.) 


1961 
Modern Transport, March 4, p. 13. 
Special fleet of B.R. pallet vans. (300 words & fig.) 


656 .225 (42) 


1961 625 .41 
Modern Transport, March 11, p. 3. 

Railborne air rider. — Ford Levacar project discussed. 
(1 000 words & figs.) 

1961 621 .33 (54) 


Modern Transport, March 18, p. 10. 
Indian Railway progress. Special railway electrifi- 
cation organisation. (SOO words & fig.) 


1961 
Modern Transport, March 18, p. 15. 
Ahead of competition. Aim of Japanese National Rail- 
ways. (700 words & figs.) 


656 .2 (52) 


1961 
Modern Transport, March 18, p. 22. 
Locomotive altitude tests. From sea level to 9 000 ft. 
on E.A.R. (700 words & figs.) 


- 621 431 72 (6) 


1961 625 1 (© Gl) 
Modern Transport, March 18, p. 23. 

China’s railway programme. (800 words.) 

1961 656 .2 (42) 


Modern Transport, March 25, p. 5; April 1, p. 7. 
IBBOTSON (L.W.). — Competitive freight operation. 
The riddle of reliability. (4 200 words.) 


1961 625 .13 (42) 
3) 


Modern Transport, April 4, p. 3 
New tunnelling techniques. (1 000 words & figs.) 


The Oil Engine. (London.) 


1961 621 .431 .72 & 625 .214 
The Oil Engine, March, p. 404. ’ } 

BEAZLEY (R.T.). — Rail engine lubricant purification. 
(600 words & figs.) 


1961 621 .431 .72 (42) 
The Oil Engine, May, p. 12. : 
Experiences in the Eastern Region — Success with the 


Brush-Mirrlees type-2 locomotives. (1 200 words & figs.) 


1961 656 .2 (42) 
The Oil Engine, May, p. 18. 
The Railway Modernization Conference. (1 600 words 


& figs.) 


Railway Age. (New York.) 


1961 656 .22 (73) 
Railway Age, March 13, p. 16. 
Trailer train rolls to huge success in five years. (1 200 
words & figs.) 
1961 
Railway Age, March 13, p. 24. 
Three RRs get new coil cars. (800 words and figs.) 


625 .241 (73) 


1961 
Railway Age, March 6, p. 16. 
What today’s heavier wheel loads are doing to your rails. 
(3 200 words & figs.) 


625 143 33 


The Railway Gazette. (London.) 


1961 625 .13 (42) 
The Railway Gazette, January 20, p. 76. 
Strengthening St. Julians Usk river bridge. (600 words 
& figs.) 
1961 
The Railway Gazette, March 31, p. 362. 
Koffer system of automatic train control. (1 000 words 
& figs.) 


656 .25 


1961 
The Railway Gazette, March 31, p. 364. 
Re-signalling of London Transport lines at Barking. 
(2 200 words & figs.) 


656 .25 (42) 


1961 
The Railway Gazette, April 7, p. 391. 
The research organisation of the British Transport Com- 
mission. (1 200 words.) 


385 .4 (42) 


1961 
The Railway Gazette, April 7, p. 393. 


Weld examination by X-ray on Western Region. (600 
words & figs.) 


621 .392 (42) 


1961 
The Railway Gazette, April 7, p. 395. 


Heavy-duty rail clips with cast-iron baseplates. (1 600 
words & figs.) 


625 .143 .5 


1961 
The Railway Gazette, April 14, p. 421. 
Hydro-mechanical transmissions for dual-purpose loco- 
motives. (1 600 words & figs.) 


621 .431 .72 (42) 


1961 625: 4215 
The Railway Gazette, April 21, p. 446; May 12, p. 538. 

KOFFMAN (J.L.). — Carriage and railcar bogies, 
their design and development. II-LIL. (2 400 words & figs.) 


1961 
The Railway Gazette, April 21, p. 450. 
BOOTH (R.G.). — Modernisation and the permanent 
way in the North Eastern Region. (2 200 words & figs.) 


625 .172 (42) 


Diesel Railway Traction. (London.) 


1961 
Diesel Railway Traction, March, p. 120. 
Canadian train-heating cars. (600 words & figs.) 


625 .234 (71) 


1961 
Diesel Railway Traction, March, p. 123. 
Clayton train-heating boiler. (800 words & figs.) 


625 .234 


1961 621 .431 .72 (471) 
Diesel Railway Traction, March, p. 125. 
Large locomotives in Finland. (1 800 words & figs.) 


Railway Locomotives and Cars. (New York.) 


1961 621 .438 (73) 
Railway Locomotive and Cars, April, p. 24. 

U.P. 8500 HP turbines give good performance. (1 000 
words & figs.) 


1961 621 .431 .72 (73) 
Railway Locomotive and Cars, April, p. 40. 
EMD field loop can be eliminated. (1 200 words & figs.) 


Railway Track and Structures. (Chicago.) 


1961 625, 172. (73) 
Railway Track and Structures, March, p. 54. 

Tie-renewal cost on long bridge cut nearly 75 per cent by 
conveyor. (600 words & figs.) 


1961 625" 172, (73) 
Railway Track and Structures, March, p. 58. 

What GN gains from central M/W repair shop. (2 400 
words & figs.) 


1961 625 .172 (73) 


Railway Track and Structures, April, p. 30. 
Introducing sand tamping. (1 200 words & figs.) 


87 — 


Trains Hlustrated. (London.) 
1961 
Trains Illustrated, May, p. 299. 
HARESNAPE (B.A.). 
(1 800 words & figs.) 


625 .28 


Design cn the railway. 


1961 625 .28 


Trains Illustrated, May, p. 305, 
New European motive power. (1 200 words & figs.) 


In Spanish. 


Ferrocarriles y Tranvias. (Madrid.) 


1960 625 .162 
Ferrocarriles y Tranvias, vol 26-XII, n° 304, p. 318. 

NOGUES CAIZ (J.). — En torno al problema de los 
pases a nivel. (4 000 palabras.) 


1960 347 .762 
Ferrocarriles y Tranvias, vol. 26-XII, n° 304, p. 326. 

SANCHEZ GAMBORINO (F.-M.). — El derecho de 
los eventuales usuarios a la prestacion de los servicios de 
transportes. IV. (Continuard.) (1 500 palabras.) 


1960 621 .33 (42) 
Ferrocarriles y Tranvias, vol. 26-XII, n° 304, p. 329. 

BROUGHALL (J.A.). — Pruebas del sistema de 
electrificacién a 50 Hz en los Ferrocarriles Britanicos. 
(700 palabras.) 


Revista de Obras Publicas. (Madrid.) 
1961 691 
Revista de Obras Publicas, abril, p. 213. 
LOPEZ CASADO (F.). — Calculo de la carga de 
rotura de un hormigon en funcién de su modulo de elasti- 
cidad. (1 000 palabras & fig.) 


In Hungarish (= 494 .511). 


Kézlekedéstudomanyi Szemle. (Budapest.) 


1959 656 .2 (06 = 494 511 
Kozlekedéstudomanyi Szemle, novembre, p. 496. 

SEREDIN (A.S.). — Le plan perspectif des recherches 
scientifiques communes des Chemins de fer participant a 
’?OSShD (OCCF). (3 000 mots.) 


1959 656 = 494 S511 
Koézlekedéstudomanyi Szemle, novembre, p. 501. 

KANYA (E.). — Calcul de la rentabilité dans le do- 
maine du développement complexe des diverses branches 
de transport. (6 500 mots & tableaux.) 


2 aoue 


1959 656 = 494 S11 
K6zlekedéstudomanyi Szemle, novembre, p. 515. 

TURANYI (I.). — Sur le probléme du rendement dans 
le développement complexe des diverses branches de 
transport. (6 900 mots & fig.) 


1959 656 = 494 .SI1 
K6zlekedéstudomanyi Szemle, novembre, p. 525. 

CZERE (B.). — Les problémes scientifiques du dévelop- 
pement complexe des diverses branches de transport. 
(5 100 mots.) 

1959 656 .2 = 494 .S511 
K6zlekedéstudomanyi Szemle, décembre, p. 537. 

NEMETH (J.). — Taches de développement pour les 
Chemins de fer. (6 200 mots & fig.) 


In Italian. 


Alluminio. (Milano.) 


1961 
Alluminio, marzo, p. 149. 
Armature telescopiche di lega leggera per il rivestimento 
di gallerie. (500 parole & fig.) 


625 .13 


Giornale del Genio Civile. (Roma.) 


1961 
Giornale del Genio Civile, febbraio-marzo, p. 125. 
CICALA (P.). — Presentazione geometrica delle 
relazioni fondamentali d’elastoplasticita. (5 000 parole 
& fig.) 


62 (01 


1961 
Giornale del Genio Civile, febbraio-marzo, p. 148. 
GENTILONI SILVERS (D.). — Volte cilindriche 
antoportanti. Confronto di soluzioni equilibrate a trave e 
a volta. (6 000 parole, tabelle & fig.) 


721 .4 


Ingegneria Ferroviaria. (Roma.) 


1961 621 3 
Ingegneria Ferroviaria, marzo, p. 201. 

RIGHI (R.). — Un metodo grafico-numerico per la 
semplificazione ed il disegno dei circuiti di commutazione 
combinatori a contatti. (5 000 parole & fig.) 

1961 
Ingegneria Ferroviaria, marzo, p. 211. 

ANTONUCCI (A.). — Il comando multiplo sui loco- 
motori a corrente trifase ad alta yelocita. (3 000 parole 
& fig.) 


621.335 


1961 624 
Ingegneria Ferroviaria, marzo, p. 220. 
D’ALESSANDRO (G.). — Linee di influenza per 


vincoli mobili. (1 600 parole, tabelle & fig.) 


1961 621 .31 


Ingegneria Ferroviaria, marzo, p. 234. 

GUIDI BUFFARINI (G.) & SCHINAIA (C.). — 
Ripartizione di massima economia delle alimentazioni 
delle reti di trasporto. (4 000 parole & fig.) 


1961 656 .2 (4) 
Ingegneria Ferroviaria, marzo, p. 245. Bic 
CUTTICA (A.). — Aspetti del problema ferroviaria 


dell’ Europa Occidentale. (2 500 parole.) 


1961 656 .232 
Ingegneria Ferroviaria, marzo, p. 249. f 
PANZARASA (C.). — La teoria marginalista ed 1 


prezzi di trasporto. (2 000 parole.) 


Rivista di Ingegneria. (Milano.) 
1961 691 
Rivista di Ingegneria, aprile, p. 381. 
FERRARI (S.). — Caratteristiche generali e applica- 


zioni degli inibitori organici della corrosione. (3 000 
parole & tavole.) 
In Netherlands. 
De Ingenieur. (Den Haag.) 
1961 654 


De Ingenieur, n*™ 15, 14 april, p. E. 27. 

Multitooncode-signaleringssysteem. 

I. Inleiding tot het systeem, door W.C. de VRIES. 
(700 woorden.) 

Il. Algemene grondslagen yan het systeem, door G.J. 
KAMERBEEK. (2 500 woorden & fig.) 


1961 691 
De Ingenieur, n™ 16, 21 april, p. Bt. 49. 

WULKAN (E.K.H.).— De oppervlaktebehandeling yan 
beton. (5 000 woorden, tabellen & fig.) 


Spoor- en Tramwegen. (Den Haag.) 


1961 385 (06 .4 (492) 
Spoor- en Tramwegen, nt 8, 20 april, p. 125. 

HAUER (J.M.). — Internationale Tentoonstelling te 
Elst. (2 000 woorden & fig.) 


1961 621 .431 .72 (492) 
Spoor- en Tramwegen, n° 8, 20 april, p. 131. 
MAURER (J.J.), MOOLHUIZEN (Chr.) en VAN 
OMME (N.). — De dieselelektrische drierijtuigstellen 
serie 111-125 yan de N.S. (Slot.) (1 000 woorden & fig.) 
1961 
Spoor- en Tramwegen, n’ 8, 20 april, p. 133. 
VAN BIJNEN (J.). — De spoorwegen yan Nieuw- 
Zeeland. VI. (1 000 woorden & fig.) 


656 .2 (931) 


1961 656 .2 (42) 
Spoor- en Tramwegen, n* 8, 20 april, p. 135. 

Weinig enthousiasme voor nieuwe Britse spoorweg- 
plannen. (2 000 woorden.) 


1961 
Spoor- en Tramwegen, n‘ 9, 4 mei, p. 144. 
VAN LIESHOUT (J.) en VAN RIJN (J.). — Enige 


yy van een eigen spoorverbinding. (1 600 woorden 
g. 


656 .213 


1961 
Spoor- en Tramwegen, n‘ 9, 4 mei, p. 147. 
De concurrentiepositie van de Amerikaanse spoor- 
wegen. (2 500 woorden.) 


656 (73) 


In Polish (= 491 .85). 


Przeglad Kolejowy Drogowy. (Varsovie.) 


1959 625 .142 .2 = 491. 85 
Przeglad Kolejowy Drogowy, octobre, p. 183. 

ADAMCZYKOWA (K.). — Sur les propriétés bio- 
logiques de l’huile fongicide « D » pour l’imprégnation 
complémentaire des traverses. (1 700 mots & fig.) 


1959 625 .13 = 491 .85 
Przeglad Kolejowy Drogowy, octobre, p. 188. 

SIDORENKO (A.). — Les devoirs de la surveillance 
technique pendant les travaux aux ponts. (1 200 mots.) 


1959 625 .144 .4 = 491 .85 
Przeglad Kolejowy Drogowy, novembre, p. 201. 

LANKIEWICZ (J.) et BAK (M.). — Remplacement 
continu de la superstructure en se servant de bases fixes de 
montage. (2 500 mots & fig.) 


1959 625 .143 = 491 .85 
Przeglad Kolejowy Drogowy, novembre, p. 209. 

SZEWCZYK (H.). — L’application d’un dispositif 
a dresser les rails dans la voie avec longues barres est-elle 
indispensable ? (1 400 mots.) 

1959 625 .142 .4 = 491 .85 
Przeglad Kolejowy Drogowy, novembre, p. 214. 

CICKIEWICZ (Z.). — Machine type « BL-3 » pour la 
production de traverses en béton armé. (900 mots & fig.) 


1959 625 .144 .4 (437) = 491 .85 
Przeglad Kolejowy Drogowy, décembre, p. 221. 

WARASZKIEWICZ (J.). — Etude du travail des 
bourreuses électriques en Tchécoslovaquie. (2 100 mots 
& fig.) 

1959 625 .144 = 491 .85 
Przeglad Kolejowy Drogowy, décembre, p. 227. 

DUBIENSKI (B.). — Nouveaux principes de construc- 
tion de infrastructure, illustrés par des données numé- 
riques. (800 mots & tableaux.) 


Przeglad Kolejowy Elektrotechniczny. (Varsovie.) 


1959 625 .233 (438) = 491 .85 
Przeglad Kolejowy Elektrotechniczny, novembre, p. 305. 
: PIASTOWSKI (J.). — Probléme de l’alimentation 
électrique des yoitures A yoyageurs en URSS. (2 100 mots 
& fig.) 

1959 656 .251 = 491 .85 
Przeglad Kolejowy Elektrotechniczny, novembre, p. 309. 

GORECKI (H.). — Circuits d’alimentation et d’en- 
clenchement des entrainements par moteurs électriques 


des signaux d’ayertissement 4 trois sections. (1 500 mots 
& fig.) 


1959 625 .23 : 621 .3 = 491 .85 
Przeglad Kolejowy Elektrotechniczny, novembre, p. 314. 

GODWOD (J.). — Dispositifs électro-acoustiques dans 
les voitures 4 deux étages. (1 300 mots & fig.) 


1959 656 .257 = 491 .85 
Przeglad Kolejowy Elektrotechniczny, décembre, p. 337. 

KOSINSKI (R.). — Relais neutres dans les équipe- 
ments de commande centralisée. (2 500 mots & fig.) 


1959 654 = 491 .85 
Przeglad Kolejowy Elektrotechniczny, décembre, p. 344. 
LEITENBERGER (W.). — Transmission de télé- 


grammes a contenu identique 4 piusieurs destinataires. 
(1 300 mots & fig.) 
1959 621 .332 = 491 .85 
Przeglad Kolejowy Elektrotechniczny, décembre, p. 347. 
KOZAKIEWICZ (J.). — Endommagements des iso- 
lateurs de traction causés par la corrosion des griffes. 
(1 000 mots & fig.) 


Przeglad Kolejowy Przewozowy. (Varsovie.) 


1959 656 .213 = 491 .85 
Przeglad Kolejowy Przewozowy, aott-septembre, p. 210. 

MAJEWSKI (S.). — L’organisation et les caracteéristi- 
ques du trayail de transport ferroviaire dans les ports. 
(1 900 mots & fig.) 

1959 656 .232 = 491 .85 
Przeglad Kolejowy Przewozowy, aott-septembre, p. 215. 

BLOTKO (K.). — Combien une mise en marche d’un 
train nous codte-elle ? (1 200 mots & tableaux.) 


1959 656 .223 .2 = 491 .85 
Przeglad Kolejowy Przewozowy, aoit-septembre, p. 218. 

ZAJERYD (M.). — Pour une accélération de la circu- 
lation des wagons. (1 800 mots & tableaux.) 


1959 656 .223 .2 = 491 .85 
Przeglad Kolejowy Przewozowy, octobre, p. 252. 

DABROWSKI (K.). — Modifications dans la gestion 
des wagons a marchandises. (2 700 mots.) 


1959 656 .225 = 491 .85 
Przeglad Kolejowy Przewozowy, octobre, p. 264. 

SWIDERSKI (F.). — Livraison et prise des charge- 
ments dans les gares ferroviaires. (1 300 mots.) 


ee) 1) ee 


1959 656.222 .6 = 491-.85 
Przeglad Kolejowy Przewozowy, novembre, p. 276. 

DUL (M.). — Horaire international des trains de 
marchandises. (LIM). (1 200 mots.) 


1959 656 .2 (51) = 491 .85 
Przeglad Kolejowy Przewozowy, novembre, p. 278. 

DOWIATT (W.). — Réseau ferroviaire de la Répu- 
blique populaire de Chine. (1 900 mots & fig.) 


In Portuguese. 


Gazeta dos Caminhos de ferro. (Lisboa.) 


1961 656 .2 (82) 
Gazeta dos Caminhos de ferro, n° 1760, 16 de Abril, p. 53. 

de BRITO LEAL (C.). — Os Caminhos de ferro nos 
paises longinquos. A rede ferroviéria da Argentina. (2 000 
palayras & mapa.) 


Técnica. (Lisboa.) 


1961 691 
Técnica, Fevereiro, p. 303. 

OSORIO DE ROCHA E MELO J(VJ.). — Conceitos 
actualizados sobre a moenda do cimento. (4 000 palavras 
quadros & fig.) 


In Russian (= 491 .7). 


Aytomatica, Telemekhanica i Svias. (Moscou.) 


1959 656 .25 61) =491 77 
Avtomatica, Telemekhanica i Svias, octobre, p. 4. 

VAN SI-CHI, OU TCHEN-GOUI et BELYASO 
(1.A.). — Résultats dans le domaine de la sécurité et des 
télécommunications dans la République populaire de 
Chine. (1 600 mots & fig.) 


1959 621 (335 = 491) 7 
Avtomatica, Telemekhanica i Svias, novembre, p. 6. 

CHICHLYAKOV (A.W.). — Amplificateur ALS ayec 
des diodes cristal pour locomotives. (1 700 mots & fig.) 


1959 656 32575491 27 
Aytomatica, Telemekhanica i Svias, novembre, p. 10. 

TCHEBOTARYEYV (Y.P.) et STEPANOV (W.E.). — 
Amplificateurs sans systémes différentiels dans les circuits 
de commande. (2 400 mots, tableaux & fig.) 


1959 621 — 4a 
Ayvtomatica, Telemekhanica i Svias, novembre, p. 14. 
AXYENOV (1.Y.). — Calculateurs électroniques et 


quelques perspectives d’applications dans le transport 
ferroyiaire. (1 800 mots.) 


1959 656 .254 = 491 7 
Avtomatica, Telemekhanica i Svias, novembre, p. 17. 

BARKOWSKY (N.A.). — L’électronique-radio et 
lautomation en service des voyageurs. (1 600 mots & fig:) 


1959 656 253 =491 a 
Avtomatica, Telemekhanica i Svias, décembre, p. 6. 

NYECRACHE (LL.) et DOLGUINA (LS.). — La 
signalisation de passage dans les gares. (2 100 mots & fig.) 


Electritchéskaia i Tyeplovosnaia Tyaga. 
(Moscou.) 


1959 621 431 72.= 491 ew 
Eléctritchéskaia i Tyeplovosnaia Tyaga, septembre, p. 12. 

RESNIKOYV (B.L.). — Filtre centrifuge a huile pour le 
Diesel D-50. (1 350 mots & fig.) 


1959 691 = 491 7 
Eléctritchéskaia i Tyeplovosnaia Tyaga, septembre, p. 18. 

YERCHOV (I.M.), IVANOVA (W.I.) et BROUNITCH 
(1.S.). — Les constructions en béton armé doivent étre de 
longue durée. (2 800 mots.) 


1959 621 .335 = 491 33 
Eléctritchéskaia i Tyeplovosnaia Tyaga, septembre, p. 28. 
SSORINE (N.A.). — Schéma électrique de la loco- 
motive électrique série VL 23. (2 900 mots, tableaux & fig.) 


1959 621 .138 = 491 of 
Eléctritchéskaia i Tyeplovosnaia Tyaga, octobre, p. 1. 

MEREJKO (W.Gu.). — La mécanisation complexe 
et l'automatisation des processus de production dans les 
dépots de locomotives. (2 100 mots.) 


1959 621 .332 = 491 
Eléctritchéskaia i Tyeplovosnaia Tyaga, octobre, p. 15. 

PANFIL (L.S.) et WORONYENKO (A.A.). — Mé- 
thode ameliorée pour la fusion de la glace sur les fils de 
contact des caténaires. (700 mots & fig.) 


1959 621.333 = 491 ae 
Eléctritchéskaia i Tyeplovosnaia Tyaga, octobre, p. 29. 

CHTCHENOVITCH (W.A.), KOVRIJNIKH (W.W.) 
et PYETROV (M.P.). — Procédé pratique de régulation 
de Vinstallation de récupération dans la locomotive élec- 
trique N8. (1 800 mots & fig.) 


1959 621 .332 —=491 ae 
Eléectritchéskaia i Tyeplovosnaia Tyaga, novembre, p. 13. 

ALKHANOY (A.S.). — Commande automatique de 
postes de sectionnement de la ligne de contact. (1 200 mots 
& fig.) 

1959 621 .333 =—>491 
Electritchéskaia i Tyeplovosnaia Tyaga, novembre, p. 25. 
_PRITZ (A.K.). — Quelques propositions d’améliora- 
tion de la commutation des moteurs de traction dans les 
locomotives électriques. (2 100 mots & fig.) 


— 91 


1959 O21SG5: 491" 7 
Eléctritchéskaia i Tyeplovosnaia Tyaga, novembre, p. 36. 

OSIPOV (S.I.). — La locomotive électrique TchS2 pour 
trains de voyageurs. (2 800 mots & fig.) 


1959 62) 433'= 491.7 
Eléctritchéskaia i Tyeplovosnaia Tyaga, décembre, p. 1. 
Consommation rationnelle de l’énergie électrique. Tache 
des plus importante pour l’économie nationale.(1 300 mots.) 


1959 621.3] =A491 27 
Eléctritchéskaia i Tyeplovosnaia Tyaga, décembre, p. 20. 

ZAMYATINE (W.A.) et PANFIL (L.S.). — Schéma 
rationnel d’alimentation en énergie électrique des consom- 
mateurs autres que la traction. (1 400 mots & fig.) 


1959 ead HE ae oo 
Eléctritchéskaia i Tyeplovosnaia Tyaga, décembre, p. 35. 

SSOKOLOY (A.W.). — Méthodes d’abaissement du 
débit des matiéres d’isolation en mica dans les constructions 
électriques. (2 100 mots & fig.) 


In Serbo-Croat (= 91 .882). 


Nova Proizvodnja. (Ljubljana.) 


1961 691 = 91 
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